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QUAKTCK.FAMILY BIBLES, in great variety— tlio materials aiul manu- 
facture of.^vhicb IB auch thil'tbe publisl/ers can recommend Uiein with ] 
' confidence to Bobksallera, Bible Asfibciations, and otiiers, who ^ish tol 
' obtain a g-odd article at a low price. 

JGUMMERE'S AStRONOMY, new edition, enlarged and. imnroved. This 
work has been' adopted as a text-book in many of tlie Colleges, in the 
United States. 

GU^MERE'S SIjAyEYING, Fonrtoenth edition ; to which ar* added— 
Articles on the Th^olite,' Levelling, and Topography. 

KEY TO GUMMERfle SURVEYING— in. wh<5h the operations of all 
the Examples not solved in that work are cxliibited at large. Principally 
designed to facilitate th« labouTtof Teachers, and to assist those who liavc 
not the opfM^tmiity of thdk instmction. By Samuel Alsop. 

BONJSYCASTLE'S MENSURATION — Iftiprov^ by BenjaiJS Pa^- 
LomrELL: containing also a Treatise on Gauging, — and the most important 
Problems in Mechuiics, by Jam^ Rt AN. ' ^ 

KEY TO BONNYCASTUrS MENSURATION, containing Solttions of 
aD the questions not solved in that work. By Benjamin Haxiowell. 

LEWISES ALGEBRA,, containing the most useful parts of that sctenee, 
illustrated by a copious collection of Examples. Designed foe the use of 
Schools. 

KEY . TO LEWICi'S ALGEBKA, in which solutions are given of the most 
difficult questions contained in that v'ork. 

LEWIS'S ARITfBfETICt containing the theory and practice of the sei- 
ence ; illustrated by an extensive collection oif Examples suited to the 

I commerce of tho United States. .**' 
BLAIR'S PHILOSOPHY, for the use of Schools. Revised and enlarged 
by Benjamin Haux>wbli.. « , 

GRiECA MAJORA. Sterestyp^ edition. 2 vqIs. octava 
JOHNSON'S DICTIONARY, improved by Todd, witli WAWRR'a Pro- 
NouNciNo Dictionary combined : to which is added Walkbr^s Key to 
tho Classical Pronimciation of Greek, Latin, and Scripture Proper Names. 
This work contains upwards of 1150 octavo pages, comprising a great 
mass of critical and usofhl information, and is believed to be one of the 
• cheapest and best Jiooks of rcfcrence on the subject of our language. ' 

GUMMERE'S GEOGRAPHY. .For the use of Schools. 

BLAIR^ READING EXBRCISES. 

COMLY'S PRIMER. 

COMLY*S CRAMMAIU Ilalflbound, or bound and letterad. 

COMLY'S SPELLING-BOOK, New edition— to which is added an Intro- 
ducticn tn English Grammar, on the Inductive plan, by Enoch Lrwisjc 
The Spell bigr-Book may be liad as heretofore, without the Grammar-; ana j 
the Graimnar is also priatcd separately, for the use of Primary Schools, 
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BOOKS PUBLISIIBD BY KIMBER St SliARPL£^S. 

GUMMERirS PROGRESSIVE SPELLING-BOOK. In Two ymlG-^ 
cofttaming a^cat vojEiety of uselld exercues in SpeUing, Pronunciation^ 
and Derivaiionf including extensive Tables of Words deduced ^om their 
Greek and LaHn Roots, 

Part I. is alao printed oa a larger type, and bound separately, ibr the use 
of beginners. 

In the oom]nlation of the PrcjgfrcMlM Spel&ng-Bodk^ an attempt has been made 
so to arrange the exercises as to conduct the learner, by graduMi and eaty 9tep$, 
to a more aceorate and thoroiigh knowledge of the Orthograpfay and Etymology 
of oar language than can be acquired from the books in conunon use. 

The Jint paik contains a regular and easy fradation of letsons in spoiling, con- 
sisting of words of one and two syllables omy, classed aceording to the namber 
of letters in a syllable, and arranged according to their towel sounds. These les- 
sens in stalling ore interspersed with reading lessons, oonstmcted of words which 
have occurred m seme of the prerious spcUingr lessons; so that if the child become 
familiar with the words ip spelling, he will find little difficulty, it is believed, in 
pronouncing them correctly, and at sight, in reading. Miscellaneous reading les- 
sons are given, at the close of the first part, containing no words of more tl)an two 
sTllables, and none of them difficult; but some of them not to be found in the 
prscdUg pagps. 

Th<^scoml pert contains a greater variety of exercises in spelling and pronun- 
ciation than can be found in any of the SpelUng-Books now in use in this country. 
We have first a large collection of easy words of three or more syllables, arranged 
according to the seat of the accent ; next follow difficult and irregular words, in- 
eluding a large number of those in whicli the probunciation differs matsrially 
firom toe spoiling, arranged according to the vowel sounds in the accented sylla- 
bles. By tiiis plan, tho pronunciation is indicated with sofficient clearness, with- 
out the introductbn of figures and other signs, which children seldom, or never, 
understand, and which, therefore, serve only to perplex them, and defiioe the page. 
These exercises arc succeeded by others both in spelling and pronunciation, which 
aflbrd the teacher the means of pdnting out to his pupils some of tlie greatest 
anomalies in our language, at the saaie time tliat they are acquiring much other 
valuable infhrmation. Amongst these are an eiftonsive collection of words sounded 
cmelZy eiiifce,— «overal tables of those sounded mearly a\Xkt^ — a great number of 
wocds having d^trewt 9ign\ficqtionM according to the seat of the accent^ and which 
are often mispronounced from inattention to this circumstance, — tables of words 
9ptXUd alike Iwt pronounced (ft^erentZif,— and an extensive collection of efuitoeal 
word$^ or those which are employed under dificrent circumstances to express very 
different ideas : all which are best learned and remembered by being associated 
with their meanings, and are therefore briefly but olearly defined. 

A very important division of the second part is that exhibiting the derivation 
of several thousand English words fVom their Latin anf Greek roots, arranged 
and defined as in the following example : 

Ca^^ eapiiiSf the head. 



Cap'ita]. Chief, priucipal. 
Capita'tion. Counting oy heada. 
Cape. ^ headland. 
Cap'tain. A chief commander. 
Chapiter. A division or head. 
Decapitate. To behead. 
Oc'ciput Thehinderpartoftl^ehead. 



Precipitate, e. To tumble headlong, 

to huny. 
Precipitate. 0. Headstrong, hasty. 
Precipitate, fi. A sediment. 
Prec'ipice. A headlong steep. 
Recapit'olate. To repeat the heads 

of a discourse. 



To those pupils who are not to receive a clasAcal education, this part of the 
work will bs of great servioe. It will show them how many of the important 
words in their own languapna, are derived fit>m those of Greece end Rome, and 
give them a much clearer idea of the meaning of such words, than they would 
Otherwise acquire. Even those who a»e sul^sequently to study the Latin and 
Greek will mui their bbour lightened by their previous knowledge of many of the 
most nssful words in those langnsges. 
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PREFACE. 



Tbe foUowing compilation originated in the belief that our 
schools are in want of a Treatise on Surveying, adapted to the 
methods practised in this country, and freed from the defects of 
the systems now in use. Notwithstanding the importance of the 
science, and the large number that make it an object of study, it 
is believed we are not in possession of a treatise on this subject, 
suited to the wants of the student The works of Gibson and 
Jess are the only ones at present in general use ; the former, 
though much the better of the two, is deficient in many respects. 
It may be sufficient here, merely to advert to its want of exam- 
ples, which renders it entirely unsuitable for a school book. From 
the latter, the student would in vain expect to become acquaint- 
ed with the principles of the science, or the rationale of any of 
the rules, necessary in performing the various calculations.* 

In order to understand the principles of surveying, a previous 
knowledgiB of Geometry is absolutely necessary ; and this know- 
ledge will be best acquired from a regular treatise on the subject. 
In the demonstrations, therefore, throughout this work, the stu- 
dent is supposed to be acquainted with the elements of that 
science. The references are adapted to Playfair's Geometry, 
but they will in general apply equally well to Simson's transla- 
tion of Euplid's Elements. 

As there are many who wish to obtain a practical knowledge 
of Surveying, whose leisure may be too limited to admit of their 

* Each of these woiks has lately gone through a new edition, in which consi- 
derable additions are stated to have been made. On examination, however, it 
does not appear, that those additions are such as to snpply the deficiencies. 

The additions made to Gibson, consist principally of some nautical problems 
quite foreign to a treatise on Surveying. Those made to Jess, consist of a few 
extracts from Gibson, in one of which the Pennsylvania method of calculation is 
introduced, as being quite different from that given by Jess; whereas it is well 
known to be the method given by that author, and used, as well in the preceding, 
as in the subsequent part of his work. 
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going through a course of Geometry, the author has adapted his 
work to this class, by introducing the necessary geometrical defi- 
nitions and problems, and by giving plain and concise rules, en- 
tirely detached from the demonstrations; the latter being placed 
in the form of notes at the bottom of the page. Each rule is ex- 
emplified by one wrought example ; and the most of them by 
several unwrought examples, \Vith the answers annexed. 

In the laying out and dividing of land, which forms the most 
difficult part of surveying, a variety of problems is introduced, 
adapted to the cases most likely to occur in practice. This part 
of the subject, however, presents such a great variety of cases, 
that we should in vain attempt to give rules that would apply to 
all of them* It cannot therefore be too strongly recommended 
to every one, who has the opportunity, to make himself well ac- 
quainted with Geometry, and also with Algebra, previous to en- 
tering on the study of Surveying. Furnished with these useful 
auxiliaries, and acquainted with the principles of the science, the 
practitioner will be able to perform, with ease, any thing likely 
to occur in his practice. 

The compiler thinks proper to acknowledge, that in the ar- 
rangement of the work, he availed himself of the advice of his 
learned preceptor and friend, E. Lewis of New-Grarden; and that 
several of the demonstrations were furnished by him. 
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ADVERTISEMENT TO THE FOURTH EDITION. 



In preparing this edition for the press, several alter- 
ations have been made, which, it is believed, will be 
found to be real improvements. A number of new Pro- 
blems has been introduced, and a more methodical 
arrangement of the whole has been adopted. Instead 
of three different rules for calculating the content of a 
Survey, one general rule, including these, is now given. 
It may be further added, that the rules for solving seve- 
ral of the problems in Division of Land, have been 
considerably simplified. The Mathematical Tables 
have been stereotyped, after carefully revising them and 
comparing them with the most correct European Edi- 
tions. THE AUTHOR. 



ADVERTISEMENT TO THE FOURTEENTH EDITION 



To meet the wants of the Student of Civil Engi- 
neering, this edition has been enlarged by the addition 
of several chapters, in which the Theodolite and Le- 
velling Instrument are described, the methods of ad- 
justing and using them are given, and the principles 
and practice of Levelling and Topography are ex- 
plained and illustrated. — ^The whole has been carefully 
revised and the few typographical errors existing in 
former editions have been corrected. J. 6. 
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EXPLANATION 

OF THE 

CHARACTERS USED IN THIS WORK. 

-(- signifies j[dus^ or addition, 

— minus^ or subtraction. 

X multiplication, 

-7- division. 

: :: : proportion. 

= equality. 

^ square root. 

CQ difference between two quantities 

when it is not known which is the 

greater. 
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TREATISE ON SURVEYING. 



OF LOGARITHMS 

Logarithms are a series of numbers so contrived, that 
by them the work of multiplication is performed by ad- 
dition, and that of division by subtraction. 

If a series of numbers in arithmetical progression be 
placed as indices, or exponants, to a series of numbers 
in geometrical progression, the sum or difference of any 
two of the former, will answer to the product or quotient 
of the two corresponding terms of the latter. Thus, 

0. 1. 2. 3. 4. 5. 6. 7. &c. arith. series, or indices. 
I 2. 4. 8. 16. 32. 64. 128. &c. geom. series. 

Now 2+3=5. also 7— 3«4. 

And 4x8=32. and 128-^8=16. 

Therefore the arithmetical series,^ or indices, have the 
same properties as logarithms; and these properties 
hold true, whatever may be the ratio of the geometrical 
series. 

There may, therefore, be as many different systems 
of logarithms, as there can be taken different geometri- 
cal series, having unity for the first term. But the most 

B 9 



10 OF LOGARITHMS* 

convenient system is that in wliich the ratio of the geome- 
trical series is 10; and this is the one in common use. 
Thus, ^ 

0. ] . 2. 3. 4. 5. &c. indices or logar. 

1. 10. 100. 1000. 10000. 100000. &c. natural numbers 

In this system the log. of 1. is 0,* the log. of 10 is 1. 
the log. of 100, is 2, &c. Hence it is plain that the log. 
of any number between 1 and 10, will be expressed by a 
decimal, the log. of any number between 10, and 100, by 1 
and a decimal, the log. of any number between 100 and 
1000, by 2 and a decimal, &c. 

^^^^ • 

The numbers, 0, 1, 2, 3, &c. that stand before the deci- 
mal part of logarithms, are called indices and are always 
less by unity, than the number of figures in the integral 
part of the corresponding natural number. 

The index of the logaritlim of a number, consisting in 
whole, or in part of integers, is affirmative ; but if the 
number be a decimal, the index is negative, and is mark- 
ed by a negative sign ( — ) placed either before or above 
it. If the first significant figure of the decimal be ad- 
jacent to the decimal point, the index is, — 1, or 1 ; if 
there be one cipher betvieen tliem, the index is — 2, or 
2 ; if there be two ciphers between them, the index is — 3 
or 3, &c. 

The decimal parts of the logarithms of numbers, con- 
sisting of the same figures and in the same order, are the 
same, whether the number be integral, fractional, oi 
mixed. This is illustrated as follows : 



* In every system the logarithm of 1 is 0. 



OF LOGARITHMS. 1 1 

Number 18960 Logarithm 4.27784 

1896 3.27784 

189.6 2.27784 

18.96 1.27784 

1.896 0.27784 

.1896 —1.27784 

.01896 —2.27784 

.001896 —3.27784 

.0001896 —4.27784 ' 



The method of finding logarithms in the tables, and 
of multipl3dng, dividing, &c. by them, is contained in the 
follotving problems. 

PROBLEM I. 

To find the Logarithm of a given number. 

If Wd given number consists of (me or two figures only, 
find it h the column marked No. in the first page of the 
table, aid against it, in the next column, marked log. is 
the logarithm. Thus the log. of 7 will be found 0.84510, 
and the bg. of 85 will be found 1.92942. 

But if ^e given number be either wholly or in part 
decimal, tie index must be chOiPged accordingly. Ob- 
serving that the index must always be one less than the 
number of Sigures in the integral part of the given num- 
ber ; also, yhen the given number is whofly a decimal, 
the index is negative, and must be one more than the 
number of tie ciphers between the decimal point and 
first significait figure on the left hand. Thus the log. 
of .7 is —1.84510, and the log. of .0085 is —3.93942. 

If the given uumber consists of three figures, find it in 
one of the othei pages of the table, in the column marked 
No. and against it, in the next column, is the decimal 
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part of the logarithm. The index must be placed befors 
it agreeably to the above observation. Thus the log. 
of 421 is 2.62428, the log. of 4.21 is 0.62428, and the 
log. of .0421 is —2.62428. 

If the given number consists of four figures, find the 
three left hand figures in the column marked No. as be- 
fore, and the remaining, or right hand figure at the top 
of the table ; in the column under this figure, and against 
the other three, is the decimal part of the logariimi. 
Thus the log. of 5163 is 3.71290, and the log. of J5387 
is— 1.80530. 

If the given number consist of five or six figures, find 
the logarithm of the four left hand figures as before ; 
then take the difference between this logarithm and the 
next greater in the table. Multiply this diiSereice by 
the remaining figure or figures of the given numler, and 
cut off one, or two figures to the right hand of die pro- 
duct, according as the multiplier consists of on€, or two 
figures ; tlien add the remaining figure or figures of the 
product to the logarithm first taken out of the liable, and 
the sum will be the logarithm required. Thus, let it be 
required to find the logarithm of 59686 ; thea 



Logarithm of 5968 is 
The next greater log. is - 


- T?583 

- r590 


Difference - - - 
Remaining figure 


7 
6 


Product - - - - 
To - - - - 
Add - - - > 


- 4,2 

- 77583 

4 



Decimal part of the log. - - 77587 
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The natural number consisting of five integers, the in- 
dex must be 4 ; therefore the log. of 59686 is 4.77587. ' 

Again, let it be required to find the log. of .0131755 ; 
then, ^ 



Logarithm of 1317 is 
The next greater log. is 

Difference 
Remaining figures - 

Product 



. 11959 
. 1199K 

32 
55 



- 17,60 



To 

Add 



11959 

18* 



Decimal part of the log. 



- 11977 



As the given number is a decimal, and has one cipher 
between the decimal point and first significant figure, the 
index must be — ^2; therefore the log. of .0131755 is 
—2.11977. 



Examples. 



1. Required the log. of 

2. Required the log. of 

3. Required the log. of 

4. Required the log. of 

5. Required the log. of 

6. Required the log.^ of 6543900 

7. Required the log.' of .0027863 

* Because 17.6 is nearer 18 than 17. 



4.3 

7986 

.3754 

596.87 

785925 



Ans. 
Ans. 
Ana. 
Ans. 
Ana. 
Ana. 
Ana. 



0.63347 

3.90233 

-1.57449 

2.77588 

5.89538 

6.81583 

-3.44503 
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14 LOGARITHMS. 



PROBLEM n. 



To find the natural number corresponding to a given 

logarithm. 

Kfour figures only be required in the answer, look in 
the table for the decimal part of the given logarithm, 
and if it cannot be found exactly, take the one nearest 
to it, whether greater or less ; then the three figures in 
the first colmnn, marked No. which are in a line with 
the logarithm found, together with the figure at the top 
of the table directly above it, will form the number re- 
quired. Observing, that when the index of the given 
logarithm is affirmative, the integers in the number 
found, must be one more than the number expressed by 
the index ; but when the index of the given logarithm is 
negative, the number found will be wholly a decimal, and 
must have one cypher less, placed between the decimal 
point and first significant figulre on the left hand, than 
the number expressed by the index. Thus the natural 
number corresponding to the logarithm 2.90233 is 798.6, 
the natural number corresponding to the logarithm 
3.77055 is 5896, and the natural number corresponding 
to the logarithm —3.36361 is .00231. 

If the exact logarithm be foimd in the table, and the 
figures in the number corresponding do not exceed the 
index by one, annex ciphers to the right hand till they 
do. Thus the natural number corresponding to the lo- 
garithm 6.64068 is 4372000. 

If five or six figures be required in the answer, find, 
in the table, the logarithm next less than the given one, 
and take out the four figures answering to it as before. 
Subtract this logarithm fi-oih the next greater in the 
table, and also fi"om the given logarithm ; to. the latter 
difference, annex one or two ciphers, according as five 
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or six figures are required, and divide the number thus 
produced, by the former difference; annex the quotient 
to the right hand of the four figures already found, and 
it will give the natural number required. 

Thus let it be required to find the natural number 
corresponding to the logarithm 2.53899 tnie to five 
figures ; then, 

Given logarithm - .53899 
Next less - - - .53895 the natural number 

— — corresponding is 3459 
Difif. with one cipher annexed 40 

Next less log. - - .53895 
Next greater - - .53908 



Difference 13 

Divide 40 by 13 and the quotient will be 3, which, an- 
nexed to the right hand of 3459, the four figures ajready 
found, makes 34593 ; therefore as the index is 2, the re- 
quired natural number is 345.93. 

Again let it be required to find the natural number 
corresponding to the logarithm 4.59859, true to six 
figures ; then, 

Given logarithm - - .59859 

Next less - - - - .59857, the natural number an- 

swering'to it is 3968. 

Diff. with two ciphers annexed 200 

Next less log. - - - 59857 
Next greater - - - 59868 



Difference - - - - 11 

Divide 200 by 11, and the quotient will be 18, which 
annexed to the right hand of 3968, the four figures al- 
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ready Ibund, makes 396818; therefore as the index is 4, 
the required natural number is 39681.8. 

EXAMPLES. 

1. Required the natural number answering to the lo- 
garithm 1.88030. Ans. 75.91. 

2. Required the natural number answering to the lo- 
garithm 5.37081. Ans. 234861. 

3. Required the natural number answering to the lo- 
garithm 3.11977. ^715.1317.56. 

4. Required the natural number answering to the lo- 
garithm— 2.97435. Ans. .094265. 

PROBLEM m. 

To muUiply numbers by means of logarithms. 

Case 1. — ^When all the factors are whole or mixed 
numbers. 

BULB. 

Add together the logarithms of the factors, and the 
sum will be the logarithm of the product. 



EXAMPLES. 



^ 



1. Required the product of 84 by 56. 

Logarithm of 84 is 1.92428 

Do. of 56 is 1.74819 



Product 4704 Sum 3.67247 

2. Required the continued product of 17.3, 1.907 and 
34. 

Logarithm of 17.3 is 1.23805 
Do. 1.907 is 0.28035 

Do. 34. is 1.53148 



Product 1121.71 Sum 3.04988 
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3, Find hy logarithms the product of 76.5 hy 5.5 
Am. 420.75. 

4. Find by logarithms the continued product of 
42.35, 1.7364, and 1.76. Ans. 129.424. 

* 

Case 2. — ^When some or all of the factors are decimal 
numbers. 

RULB. 

Add the decimal parts of the logarithms as before, and 
if there be any to carry from the decimal part, add it to 
the affirmative index or indices, or else subtract it from 
the negative. 

Then add the indices together, when they are all of 
the same kind ; that is, all affirmative or all negative ; but 
when they are of diiSerent kinds, take the difference be- 
tween the sums of the affirmative and negative ones, and 
prefix the sign of the greater. 

Note. — ^When the index is afiirmative, it is not neces- 
sary to place any sign before it ; but when it is negative, 
the sign must not be omitted. 

EXAMPLES. 

1. Required the continued product of 349.17, 25.43, 
.93521 and .00576. 



Logarithm of 349.17 
Do. 25.43 
Do. .93521 
Do. .00576 


is 2.54303 
is 1.40535 
is -1.97090 
is -3.76042 


Plpoduct 47.83 
3* C 


Sum 1.67970 
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In tliis example there is 2 to carry from the decimal 
part of the logarithms, which added to 3, the sum of 
the affirmative indices, makes 5 ; from this taking 4, 
the smn of the negative indices, the remainder is 1, 
which is the index of the sum of tlie logarithms, and is 
affirmative, because the sum of the affirmative indices, 
together with the number carried, exceeds the sum of 
the negative indices 

2. Required the continued product of .0839, .7536, 
and .003179. 



Logarithm of .0839 is -2.92376 
Do. .7536 is -1.87714 

Do. .003179 is -3.50229 



Product .000201 Sum ^.30319 

In this example there is 2 to carry from the decimal 
part of the logarithms, which subtracted from 6, the sum 
of the negative indices, leavea 4, which is the index of 
the sum of the logarithms, and is negative, because the 
sum of the negative indices is the greater. 

3. Required the continued product of 13.19, .3765, 
and .00415. Ans. .02061. 

4. Required the continued product of 343, 1.794, 
5.41, and .019. Ans. 63.25. 

PROBLEM IV. 

To divide numbers by raeans of Logarithms. 

Case 1. — When the dividend and divisor are both 
whole or mixed numbers. 
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|tlJLB« 

From the logarithm of the dividend, subtract the lo- 
garithm of the diyisor, the r^tnainder will be the loga- 
rithm of the quotient 

Note. — When the divisor exceeds the dividend, the 
question must be wrought by the rule given in the next 
case. 

fiXAlfPLBS. 

!• R^uired the quotient of 3450 divided by 23. 

Logarithm of 3450 is 3.53782 
Do. 23 is 1.36173 



Quotient 150 Remainder 2.17609 

2. Required the quotient of 4^.75 divided by 76.5. 

Ans. 5.5. 

3. Required the quotient of 37.1542 divided by 
1.7395& Ans. 21.3585. 

Case 2. — ^When the dividend or divisor, or both of 
them, are decimal numbers. 

RULB. 

Subtract the decimal parts of the logarithms as before, 
and if 1 be borrowed in the left hand place of the deci- 
mal part, add it to die inddx of the divisor whea that in- 
dex is affirmative, but subtract it when negative. 

Then conceive the sign of the index of the divisor 

changed from affirmative to negative, or from negative 

to affirmative ; and if, whra changed, it be of the same 

name with that of the dividend, add the mdices together 
2 
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but if it be of a different name, take the difference of tbe 
indices, and prefix the sign of the greater. ' 

fiXAMFLBS* 

1. Required the quotient of J591 divided by 32.147 

Logarithm of .7591 is -1.88030 
Do. 32.147 is 1.50714 



Quotient .02361 Remain. -2.37316 

In this example, the index of the divisor, with its eiga 
changed, is — 1, which added to — 1, the index of the 
dividend, makes —2, for the index of the quotient* 

2. Required the quotient of .63153 divided by XmVJ. 

Logarithm of .63153 is -1.80039 
Do. .00917 is -3.96237 



Quotient 68.8683 Remain. 1.83802. 

In this example there is 1 to cany from the decimal 
part of the logarithm, wliich subtracted from — 3, the 
index of the divisor, leaves — ^2; this, with its sign 
changed, is -4-2 ; from which subtracting 1, the index of 
the dividend, the remainder is 1, and is affirmative, be- 
cause the affirmative index is the greater. 

3. Required the quotient of 13.921 divided by 7965.13. 

Logarithm of 13.921 is 1.14367 
Do. 7965.13 is 3.90125 



Quotient .001748 Remain. -3J34242 
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In this example there is 1 to carry from the decimal 
part of the logarithm, which added to 3, the index of 
the divisor, makes 4 ; this, with its sign changed, is, —4 ; 
from which subtracting 1, the index of the dividend, the 
remainder is 



4. Required the quotient of 79.35 divided by •05178. 

Ans. 1532.46. 

5, Required the quotient of ,5903 divided by .931. 

Ans. .63404. 

PROBLEM V. 

To involve a number to any powers that is, to find the equate^ 
cube^ Sfc. cfa number^ logarithmically. 

ftUlB. 

Multiply the logarithm of the given number by the 
index of the power, viz. by 2 for the square, by 3 for the 
cube, &C. and the product will be the logarithm of the 
power. 

iVbfe.— -When the index of the logarithm is negative, 
if there be any to carry from the decimal part, instead 
of adding it to the product of the index and multiplier, 
aubtract it, and the remainder will be the index of the 
logarithm of the power, and will always be negative. 

BZAHPUSa* 

1. Required the square of 317. 

Logarithm of 317 is 2.50106 

2 



Square 100489 5.00212 
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2, Required the 5th power of 1.735. 

Logarithm of 1.735 is 0.23930 

5 



5th power 15.7218 1.19650 
3. Required the cube of .08761. 

Logarithm of .08761 is -2.94255 

3 



Cube .0006724 -4.82765 

4. Required the cube of 7.503. Ans. 422SJ. 

5. Required the 7th power of .32513. Ans. .0003841 

PRCNBLEM VI. 

To extract any root of a nrnnher logarkhnicalfy. 

BULB. 

Divide the logarithm of the given number by the index 
of the root) that is, by 2 for the square root, by 3for the 
cube root, &c. and the quotient will be the logarithm of 
the required root. 

Note. — ^When the index of the logarithm is negative, 
and does not exactly contain the divisor^ increase the 
index by a number just sufficient to make it exactly divi- 
sible by it, and carry the units borrowed, as so many 
tens, to the left hand figure of the decimal part; then 
proceed with the division in the usual manner. 






I. Required die cube root of 39L27. 

3) 
Logarithm of 391 J27 ia 2^9248 



Cube root 7^14 0.86416 

2. Required the square root of •08593. 

Logarithm of .08593 is —3.93414 



Squara root J29314 —1 46707 

3. Required the cube root of .7596. 

3) 
Logarithm of .7596 is — 1.88058 



Cabe root .9134 —1.96019 

4. Required the cube root of .0000613. 

3) 
Logarithm of .0000613 is —5.78746 



MMMna 



€ttbe root .03943 —2.59582 

5. Required the square root of 365. Asu. 19.105. 

6. Required the 5th root of .9563. Aru. .9911. 

7. Required the 4th root of .00079. Am. .16765 

Of the Arithmetical Complements tf Logarithms^ 
required 



from others, it will be more convenient to conyert the 
subtraction into an addition, bjr writing down, instead 
of the logarithms to be subtracted, what each of them 
wants of 10.00000, which may readily be done, by writ- 
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ing down what the first figure, on the right hand, wants 
of 10, and what every other figure wants of 9 ; this re- 
mainder is called the Arithmetical Complement. Thus, if 
the logarithm be 2.53061, its arithmetical complement 
will be 7.46939. If one or more figures to the right 
hand be ciphers, write ciphers in their place, and take 
the first significant figure firom 10, and the remaining 
figures fix)m 9. Thus, if the logarithm be 4.61300, its 
arithmetical complement will be 5.38700. « 

In any operation, where the arithmetical complements 
of logarithms are added to other logarithms, there must 
be as many tens subtracted firom the sum, as there are 
arithmetical complements used. 

As an example, let it be required to divide the product 
of 76.4 and 35.84, by the product of 473.9 and 4.76. 

473.9 - . Ar. Co. 7.32431 

4.76 . - Ar. Co. 9.32239 

35.84 - - log. 1.55437 

76.4 - - log. 1.88309 



Quotient 1J214 0.08416 



GEOMETRY. 



DEFINrnONS. 

I 

1. Geoubtby k that science wherein the properties 
of magnitude are considered. 

2. A paint b that which has position, but not magni- 
tude* 

3« A Une has length but not breadth. 

4. A straight^ or right linej is the shortest line that 
can be drawn between any two points. 

5. A superficies or surface is that which has length and 
breadth, but not thickness. 

6. A plane superficies isthat in which any two points 
being taken, the straight line which joins them Ues wholly 
in that superficies. 

7. A plane rectilineal angle is the inclinaticm of two 
straight lines to one another, which meet together, but 
are not in the same straight line, as A, Fig. 1. 

iVbte. — ^When seyeral angles are formed about the 
same point, as at B, Fig. 2, each particular angle is ex- 
pressed by three letters, whereof the middle letter shows 
the angular point, and the other two the lines that form 
the angle ; thus, CBD or DBC sigm'fies the angle formed 

by the lines CB and DB. 

D 25 
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8. The magnitude of an angle depends on the inclina- 
tion which the lines that fonn it have to each other, and 
not on the length of those Unes. . Thus the ajDgle DBE is 
greater than the angle ABC, Fig. 3. 

9. When a straight line stands on another straight 
line so as to incline to neither side, but makes the angles 
on each side equal, then eadi of those angles is called 
a fight angle^ and the line which stands on the other is 
said to he perpendicular to it. Thus ADC and BDC are 
right angles, and the line CD is perpendicular to AB^ 
Fig. 4. 

10. An acute angle is that which is less than a right 
angle, as BDE, Fig. 4. 

11. An clause angle is that which is greater than a 
right angle, as ADE, Fig. 4. 

12. Parallel straight lines are those which are in the 
sain^ ^ane, and which, bemg produced ever so fib both 
ways, do not meet, as AB, CD, Fig. 5. 

13. A figure is a space bounded by one or more lines. 

14. A j^ne triangle is a iSgure bounded by three 
straight hnes, as ABC, Fig. 6. 

15. An equilateral triangle has its three sides equal to 
each other, as A, Fig. 7. 

16. An t^o^cefes triangle has only two ofits sides equal, 
MB,Fig.8. 

17. A scalene triangle has three tmequal sides, as 
ABC, Pig. 6. 

18. A right angled triangle has one right angle, as 
ABC, Fig. 9; in which the side AC, opposite to the right 
angle, is called the ht/pothenuse. 
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19. An obtuse angled triangle has one obtuse angle^ 
as C, Fig. 10. 

30. An acute angled triangle has all its angles acute, 
asABCfFig. 6. 

21. Acute and obtuse angled triangles are called 
oblique angled triangles. 

22. Any plane figure bounded by four rijght lines, is 
caDed a quadrilateral. 

23. Any quadrilateral, whose opposite sides are paral- 
lel, is called a, parallelogram^ as D, Fig. 11. . 

24. A parallelogram, whose angles are all right angles, 
is called a rectangle^ as E, Fig. 12. 

V&. A parallelogram whose sides are all equal, and 
angles right, is called a square^ as F, Fig. 13. 

26. A rhomboides is a parallelogram, whose opposite 
sides are equal, and angles oblique, as D, Fig. 11. 

27. A rhombus is a paraBdogram, whose sides are all 
equal and angles oblique, as G, Fig. 14. 

28. Any quadrilateral figure that is not a paralldo- 
gram, is called a trapezium. 

29. A trapezium that has two parallel sides is eaSed 
htrapeziod. 

30. A right Ime joining any two opposite angles of a 
quadrilateral figuiie, is called a diagonal. 

31. That side upon which any parallelogram, or 
triangle is supposed to stand, is called the base / and the 
perpendicular falling thereon from the opposite angle is 
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called the altitude of the parallelograiDy or triangle. 
Thus AD is the base of the parallelogram ABEC, or tri* 
angle ABC, and CD is the altitude. Fig. 15. 

32. All plane figures contained under more than four 
sides, are called polygons; of which those having five 
sides, are called /^en/og-on^; those having six sides, Iiejca- 
gons^ and so on. 

33. A regular polygon is one whose angles, as well as 
sides, are all equal. 

34. A circle is a plane figure, bounded by one curve 
line called the drcuniference or periphery^ every part of 
which is equally distant firom a certain point within the 
circle ; and this point is called the centre^ Fig. 16. 

35. The radius of a circle is a straight line drawn 
from the centre to the circumference, as CB, Fig. 17. 

36. The diameter of a circle is a straight line drawn 
through the centre, and terminated both ways by the 
circumference, as AE, Fig. 17. It divides the circle into 
two equal parts, called semicircles. 

37. A quadrant is one quarter of a circle, as ACB, 
Fig. 17. 

Note. — ^The fourth part of the circumference of a circle 
is also called a quadrant. 

38. A segment of a circle is the^ figure contained by 
a right line, and the part of the circumference it cuts off: 
thus AEBA and A EDA are segments of the circle ABED, 
Fig. 16. 

39. An arc of a circle is any part of the circumference ; 
as AD or DE, Fig. 17. 
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40. Ratio is a mutual relation between two quantities 
of the same kind with respect to magnitude. 

Note. — ^A ratio is generally expressed, either by two 
numbers or by two right lines. 

41. When two quantities have the same ratio as two 
other quantities, the four quantities taken in order are 
called proportionals ; and the last is said to be a fourth 
proportional to the other three. 

42. When three quantities of the same kind aie such 
that the first has to the second the same ratio which the 
second has to the third, the third is called a third pro^ 
portional to the first and second, and the second is called 
a mean proportional between the first and third. 



GEOMETRICAL PROBLEMS. 

PROBLEM L 

To bisect a right line, AB, Fig. 18. 

Open the dividers to any distance more than half the 
line AB, and with one foot in A, describe the arc CFD ; 
with the same opening, and one foot in B, describe the arc 
CXjtD, meeting the first arc in C and D ; from C to D draw, 
the nght line CD, cutting AB in E, which will be equally 
distant fircxn A and B. 

PROBLEM n. 

At a given point A, in a ri^ht line EF, to erect a perpenr 

dicularj Fig. 19. ' 

From the point A, lay off on each side, the equal dis- 
3* 
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tances AC, AD ; from C and D, as centres, with any ra- 
dius greater than AC or AD, describe two arcs intersect- 
ing each other in B; from A to B, draw the line AB, 
which win be the perpendicular required. 

PROBLEM m. 

To raise a perpendicular <m the end B ^ a right Ixm 

AB, Pig. 20. 

• 

Take any point D not in the Une AB, and with the 
distanoe ^m D to B, describe a circle cutting AB in £ ; 
from £ through D draw the right line EDC, cutting the 
periphery in C, and join CB, which will be perpendicu- 
lar to AB^ 

PROBLEM IV, 

7b Jet faU a perpendicular upon a given line BC, from a 

given point A, without itj Fig. 2L 

In the line BC take any point D, and with it as a centre 
and distant DA describe an arc AGE, cutting BC in G ; 
with G as centre, and distance GA, describe an arc cut- 
ting AGE in E, and from A to E draw the line AFE ; 
then AF will be perpendicular to AB. 

PROBLEM V. 

Through a given point A to draw a right Kne AB, parallel 

to a given right line CD, F^. 22. 

From the point A to any point F^in the line CD, draw 
the right hue AF ; with F as a centre and distance FA, 
describe the arc AE, and with the same distance and 
centre A describe the arc FG ; make FB equal to AE^ 
and through A and B draw the line AB, and it will be 
parallel to CD. 
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PROBLEM VI. 

At a given point B, in a given right line L6, to make an 
angle equal to a given angle A, Fig. 23. 

With the centre A and any distance AE, describe the 
arc DEy and with the same distance and centre B de- 
scribe the arc FG; make HG equal to DE, and through 
B and H draw the line BH; then will the angle HBG be 
equal to the angle A. 

PROBLEM Vn. 

To bisect any right lined angle BAG, Fig. 24. 

In the lines AB and AG, from the point A, set off equal 
distances, AD and AE ; with the centres D and E and any 
distance more than half DE, describe two arcs cutting 
each other in F ; from A through F draw the line AG, and 
it will bisect the angle BAG. 

PROBLEM Vm. 

To describe a triangle that shall have its sides respectively 
e^l to three right ImeSj D, E, and F, of which any two 
must be together greater than the thirds Fig. 25. 

Make AB equal to D ; with the centre A and distance 
equal to E, describe an arc, and with the centre B and 
distance equal to F describe another arc, cutting the 
former in G ; draw AG and BG, and ABG is the triangle 
required. 

PROBLEM IX. 

Upon a given line AB to describe a square^ Fig. 26. 

At the end B of the line AB, byPixiblem m. erect the 
perpendicular BG, andmake it equal to AB ; with A and C 
as centres, and distance AB or BG describe two arcs cot- 
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ting each other in D; draw AD, and CD, then will ABCD 
be the square required. 

PROBLEM X. 

To describe a circle thai shall pass through the angular 
points J A, B, and C^ofa triangle ABC, Fig, 27. 

By Problem I. bisect any two of the sides, as AC, BC, 
by the perpendiculars DE and FG; the point H where they 
intersect eath other will be the centre of the circle ; with 
this centre, and the distance from it to either of the 
points A, B, or C, describe the circle. 

PROBLEM XI- 

a 

To divide a given right line AB into any number of equal 

parts^ Fig. 28. 

Draw the indefinite right line AP, making an angle 
with AB, also draw BQ, parallel to AP, in each of which, 
take as many equal parts AM, MN, &c. jBo, on, &c. as 
the line AB is to be divided into ; then draw Mm, Nn, &c. 
intersecting AB in £, F, &c. which will divide the line 
as required. 

PROBLEM Xn. 

To make a plane diagonal scale. Fig. 29. 

Draw eleven lines parallel to, and equidistant from 
each other ; cut them at right angles by the equidistant 
lines BC ; EF ; 1 , 9 J 2, 7 ; &c. then will BC, &c be divided 
into ten equal parts ; divide the lines EB, and FC, each 
into ten equal parts ; and from the points of division on 
the line EB, draw diagonals to the points of division on 
the line FC : thus join E and the first division on FC, the 
first division on EB, and the second on FC, &c. 

Ndte, — ^Diagonal scales serve to take ofiT dimensions 
or numbers of three figures. If the first large divisions 
be units, the second set of divisions, along EB, will be 
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■ 

10th parts ; and the divisions in the altitude, along BC, 
wiU be 100th parts. If HE be tens, EB, will be units, 
and BC will be tenth parts. If HE be hundreds, BE will 
be tens, and BC units. And so on, each set of divisions 
being tenth parts of the former ones. 

For example, suppose it were required to take off 242 
from the scale. Extend the dividers from E to 2 towards 
H; and with one leg fixed in the point 2, extend the other 
till it reaches 4 in the line EB ; move one leg of the di- 
viders along the line 2, 7, and the other along the line 4, 
t31 they come to the line marked 2, in the line BC, and 
that will give the extent required. 

PROBLEM XHL 

7b jifid a third proportionai to two given right linei^ 

AamiB. 

Draw two right lines, CD, CE jg 
containing any angle; make CF a 
equal A, and C6,OEI, each equal 
B; join FG and draw HL paral- 
lel to it: then will CL be the third 
proportional required. 

PROBLEM XIV. 

To find a fourth proportional to three given right Kneiy 

AfBonJC. 

Draw two right lines, DE, DP * 
containingany angle ; make D6 ^ 
equal A, DH eqiuil B, and DL 
equal C ; join 6H and draw LM 
parallel to it: DM will be a 
fourth proportional to A^ B» 
anda 
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PROBJJSM XV. 

To find a mean proportioml between two fffoen right &Mf 

AiifMfB. 



Draw any right line CE and in 
it take CI) equal A, and DE eqnal 
B; bisect CE in F^ and .\ritb the 
centre F and radius FC or FE 
describe the semicircle C6E; 
draw DG {)erpendicular to CE : 
then D6 will oe a mean propor- 
tional between A and B. C 



PROBLEM XVI- 

To divide a given right line AB into two parts thai 
shaUhave the same ratio to each other a$ two given lines C 
and I}. 



Draw AE making an angle 
with AB; in AE take AF equal p 
C and FE equal D: join EBand 
draw F6 parallel to it ; then AG * 
will have to 6B the same ratio ^ 
that C has to D. 



PROBLEM XVn. 

^ ^^ 

To divide a given right line AB in two parts in the point 

D, so that AD may he to DB in the ratio of two given numr 

hers m and n. For example^ let m=Z^ and n=4« 

Draw AC making any ac^le with AB; take 

the number m from any convenient scale 
of equal parts^andlayitonACffrom AtoE; 
and take the number n from the same soale, 
and lay it from E to C; join QB and draw ED 
parallel to it ; then AB will be divided as re- 
quired. 
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PLANE TRIGONOMETRY. 



DEFINITIONS. 

!• Plane Tbigonoketrt is the art by which, when any 
three parts of a plane triangle, except the three angles, 
are given, the others are determined* 

2. The periphery of eveiy circle is supposed to be di- 
vided into 360 equal parts, called degrees ; each degree 
into 60 equal parts, called minutes ; and each minute into 
60 equal parts, called seconds, &c. 

3. The measure of an angle isthearc of a circle, con- 
tained between the two lines that form the angle, the 
angular point being the centre ; thus the angle ABC, Fig^ 
30, is measured by the arc DE, and contains the same 
number of degrees that the arc does. The measure of 
a right angle is therefore 90 degrees; for DH, Fig. 31, 
which measures the right angle DCH, is one fourth part 
of the circumference, or 90 degrees. 

N(^€. — ^The degrees, minutes, seconds, &c. contained 
in any arc, or angle, are written in this manner, 50^ 18' 
351* i which signifies that the given arc or angle contains 
50 degrees 18 minutes and 35 seconds. 

4. The complement of an arc, or of an angle, is what 
it wants of 90^ ; and the supplement of an arc, or of an 
angle,is what it wants of 180^ 

3 85 
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5. The chord of an arc, is a right line drawn from one 
extremity of the arc to the other ; dius the Une BE is the 
chord of the arc BAE or BDE; Fig. 31 

6. The sine of an arc, is a right Une drawn from one 
extremity of the arc perpendicular to the diameter which 
passes through the odier extremity: thus BF is the sine 
of the arc AB or BD, Fig. 31. 

' 7. The cosine of an arc, is that part of the diameter 
which is intercepted between the sine and the cen^ : 

thus CF is the cosine of the arc AB, and is equal to BE, 
the sine of its complement HB, Fig. 31. 

8. The t;er5e J 5171^ of an arc, is that part of the diameter 
which is intercepted between the sine and the arc : thus 
AF is the versed sine of AB ; and DF of DB, Fig. 31. 

9. The tangent of an arc, is a right line touching the 
circle in one end of the arc, being perpendicular to the 
diameter which passes through that ^sd, and is termina- 
ted by a right line drawn from the centre through the 
other end : thus AG is the tangent of the arc AB, Fig. 31. 

10. The secant of an arc, is the right line drawn from 
the centre and terminating the tangent ; thus CG is the 
secant of AB, Fig. 31. 

11. The cotangent of an arc, is the tangent of the 
complement of that arc ; thusHKis the cotangent of AB, 
Fig. 31. 

13. The cosecant of an arc, is the secant of the com- 
plement of that arc ; thus CK is the cosecant of AB, 
Fig.31. . 
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13* The sine, cosine, &c. of an angle is the same as 
the sine, cosine, &c. of the ore that measures the angle. 



PROBLEM L 

To construct the lines of cords^ sines ^ tangents^ and setsants^ 

to any radius. Fig. 32. 

Describe a semici^^le with my .eonvenient radius CB ; 
from the centre C draw CD perpendicular to AB Itnd 
produce it to F ; draw BE parallel to CF ao^ jom AD. 

Divide the arc AD into nine equal parts, as A 10 j 10, 
20, &c. and with one foot of the dividers in A, transfer the 
distances A, 10; A, 20, dfc. to the right line AD; then 
will AD be a line of chords constructed to every ten de- 
grees. 

Divide BD into nine equal parts, and from the points 
of division, 10, 20, 30, &c. ^w lines parallel to CB,* 
and meeting CD in 10, 20, 30, &c. and CD will be a line 
of sines. 

From the centre C, through the divisions o( the 9ac 
BD, draw lines meeting m, m 10, ^0, 30, ^. and m 
will be a line of tangents. 

With one foot of the dividers in C transfer the 4i(h 
tances from C to 10, 20, &£c. in the line BE to the line 
CF which will then be a line of secants* 

By dividing the arcs AD and BD each into 90 equal 
parts, and proceeding as above, the lines of chords, 
sines, &c. may be constructed to every degree of the 
quadrant. 

* To avoid confusioiit these lines are not drawn in the figure* 
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PROBLEM n. 

At a given point A in a given right line AB, to make 
an angle of any prcpos^ number of degrees^ suppose 38 
degrees. Fig. 33. 

With the centre A, and a radius equal to 60 degrees, 
taken from a scale of chords, describe an arc, cutting 
AB in m ; from the same scale of chords, take 38 degrees 
and apply it to the arc from m to n, and from A through 
n draw the line AC ; then will the angle A contain 38 
degrees. 

Note. — ^Angles of more than 90 degrees are taken off 
at twice. 

PROBLEM m. 

To measure a given angle A. Fig. 34. 

Describe the arc mn with the chord of 60 degrees, as 
in the last problem. Take the arc mn between the di 
viders, aend that extent appUed to the scale of chords 
will show the degrees in the given angle. 

Note. — ^When the distance mn exceeds 90 degrees, it 
must be taken off at twice, as before. 
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■ 

OF THE TABLE 

OF 

LOGiRITHMIC OR ARTIFICIAL SINES, TANGENTS, &c. 



I 

/ 

This table contains the logarithms of the sme, tan- 
gent, &c. to every degree and minute of the quadrant, 
the radius being 10000000000, and consequendy its lo- 
garithm 10. 

Let the radius CB, Fig. 32, be supposed to consist of 
10000000000 equal parts as above, and let tlie qua- 
drant DB be divided into 5400 equal arcs, each of these 
will therefore contain 1'; andif from the several points 
of division in the quadrant, right lines be drawn perpen- 
dicular to CB, the sine of every minute of the quadrant 
to the radius CB will be exhibited. The lengths of these 
lines being computed and arranged in a tatde, constitute 
what is usually termed a table of natural sines. The 
logarithms of those numbers taken from a table of loga- 
rithms, and properly arranged, form the table of loga^^ 
rithmic or artificial sines. In like manner the logarithmic 
tangents and secants are to be understood. 

The method by which the sines are computed is too 
abstruse to be explained in this work, but a famihar ex* 
position of this subject, as well as of the construction of 
logarithms may be seen in Simpson's trigonometry. 

To Jindj by the tabk^ the sine^ tangent^ Sfc. cf an arc or 

angle. 

If the degrees in the given angle be less than 45, look 
for them at the top of the table, and for the minutes, in 
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the left hand column ; then in the column marked at the 
top of the table, sine, tangent, &c. and against the mi- 
nutes, is the sine, tangent, &c. required. If the degrees 
are more than 45, look for them at the bottom of the 
table, and for the minutes, in the right hand coluiftH ; 
then in the column marked at the bottom of the table, 
sine, tangent, &c. and against the minutes, is the sine, 
tangent, &c. required. 

Note. — ^The sine of an angle and of its supplement 
being the same, if the given number of degrees be above 
90, subtract them from 180% and find the sine of the re* 
mainder. 

!• Required the sine of 3T 2T Ans. 9.72962. 

2. Required the tangent of 57^ 39* Ans. 10.19832. 

3. What is the secant of 89^ 31' Ans. 12.07388. 

4. What is the sine of 157^43' Ans. 9.57885. 

To find the degrees and minutes corresponding to a given 

sine, tangent J &c. 

Find, in the table, the nearest logarithm to the given 
one, and the degrees answering to it^ivill be found at 
the top of the table, if the name be there, and the mi- 
nutes on the left hand } but if the name be at the bottom 
of the table, the degrees must be found at the bottom, 
and the minutes at the right hand. 

EXAidPLBCr. 

I. Required the degrees and minutes in the ang^e 
whose sine is 9.64390. Ans. 26" 6*. 
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2. Required the degrees and minutes in the an^^ 
whose tangent is 10.47464. Ans. 7V 2&. 



ON GUNTER'S SCALE. 

Guntee's scale is an instrum^it by which, with a pair 
of dividers, the different cases in trigonometry, and many 
other problems, may be approximately solved. 

It has on one side, a diagonal scale, and also tibe lines 
of chords, sines, tangents, and secants, with several 
others. 

On the other iide there are several logarithmic line^ 
as follow : 

The line of numbers marked Num., is numbered fironi 
the left hand of the scale towards the right, with 1, 2, 3, 
4, 5, 6, 7, 8, 9, 1, which stands in the middle of the 
scale ; the numbers then go on 2, 3, 4, 5, 6, 7, 8, 9, 10, 
which stands at the right hand end of the scale. These 
two equal parts of the scale are similarly divided, the 
distances between the first 1, and the numbers 2, 3, 4, 
&c. being equal to the distances between the middle 1, 
and the numbers 2, 3, 4, &c. which follow it. The sub- 
divisions of the two parts of this line are likewise simi- 
lar, each primary division being divided into ten paMs, 
distinguished by lines of about half the length of the pri- 
mary divisions. 

The primary divisions on the second part of the scale, 

are estimated according to the value set upon the unit on 

the left hand of the scale. If the first 1 be considered 

as a unit, then the first 1, 2, 3, &c. stand for 1, 2, 3, do* 

the middle 1 is 10, and the 2, 3, 4, &c. following stand 
4# F 
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for 20, 30, 40, 6ic. and the ten at the right hand for ipo. 
If the first 1 8tand for 10, the first 2, 3, 4, &c. must be 
counted 20, 30, 40, &c. the middle 1 will be 100, the 
second 2, 3, 4, &c. will stand for 200, 300, 400, 6ic. and 
the 10 at the right hand for 1000. 

If the first 1 be considered as iV of a unit, the 2,* 3, 4, 
6ic. following will be f^, tV, -hj ^. and the middle 1, 
and the 2, 3, 4, &c. following, will stand for 1, 2, 3, 4, 6ic. 

The intermediate small divisions m\|st be estimated 
according to the value set upon the primary divisions. 

Sines. — ^The line of sines, marked Sin^ is numbered 
from the left hand of the scale towards the right, 1, 2, 3^ 
4, &c. to 10, then 20, 30, 40, &c. to 90, where it termi- 
nates just opposite 10 on the line of numbers. 

Tangents. — ^The line of tangents, marked Tan.^ begins 
at the left hand, and is^numbered 1, 2, 3, &c. to 10, then 
20, 30, 40, 45, where there is a brass pin, just under 90 
in the line of sines ; because the nfae of 90^ is equal to 
the tangent of 45^ From 45 it is numbered towards the 
left hand 50, 60, 70, 80, &c. The tangent arcs t)f above 
45^ are therefore counted backward on the line, and are 
found at the same points of .the line as the tangents of 
their complements. 

There are several other lines on this side of the scale, 
as Sine Rhumbs j Tangent Rhumbs^ Versed Sines^ &c. ; 
but those described are sufficient for solving all^he pro- 
blems in plane trigonometry. "^ t 

Remarks on Angles^ Triangles^ ifc. 

1. If firom a point D in a right line AB, one or more 
right lines be drawn on the same side of it, the angles 
thus formed at the point D will be together equal to two 



« 



PLAlfB TRIGONOHETRT. 43 

right angles, or 180"*; thus ADE-j-EDBi=two right 
angles, or 180^: also ADC+CDE+EDB=two right 
angles, or 180^ Fig. 35. 

( 

2. Since the angles thus fonned at the point D, on the 
other side of AB, would also be equal to two right angles, 
the sum of aU the angles formed about a point is equal 
to four right angles or 360^ 

3. If two right Unes cut one another, the opposite 
angles will be equal : thus AEC=:BED, and AED=CEB. 
Fig. 36. 

4. The sum of the three angles of a plane triangle is 
equal to two right angles, or 180^ 

5. If the sum of two angles of a triangle be subtracted 
from 180^ the remainder will be the third angle. 

6. If one angle of a triangle be subtracted from 18Cf, 
the remainder will be the sum of the other two angles. 

7. In right-angled triangles, if one of the acute angles 

be subtracted from 90% the remainder will be the other 
acute angle. 

8. The angles at the base of an isosceles triangle are 
equal to one another. 

9. If one side of a triangle be produced, the externa) 
angle will be equal to the sum of the two internal and 
opposite angles : thus the external angle CBD, of the 
triangle ABC, is equal to the sum of the internal and op- 
posite angles A and C. Fig. 37. 
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10. The angle at the centre of a circle is double of 
the angle at the circumference, upon the'same base, that 
IB upon the same part of the circumference : thus the 
angle fiEC is double of the angle B AC. Fig. 38. 

11. The angles in the same segment of a circle are 
equal to one another : thus the angle BAD is equal to 
the angle B£D; also the angle BCD is equal to the angle 
BFD. Fig. 39. 

12. The angle in a semicircle is a right angle : thus 
the angle ECF, Fig. 45, is a right angle. 

13. Tiiis mark ' placed on the sides or in the angles 
of a triai^le, indicates that they are given ; and this 
mark ^ placed in the same way, indicates that they are 
required. 



PRACTICAL RULES FOR SOLVING ALL THE CASES 

OF PLANE TRIGONOMETRY. 

CASE 1. 

The angles and one side of any plane triangle being given^ 

to find the other sides. 

RULB. 

As the sine of the angle opposite the given side, 
Is to the sine of the angle opposite the required side, 
So is the given side, 
To the required side.* 



* PxifosrmiATiosr. Let ABC, Fig. 40, be any plane triangle ; take BFasAO 
•nd upon AB let &11 the perpendiculan CD and FE, which will be the tinea M 



# 
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Note 1. — ^The proportions in trigonometry axe worked 
by logarithms : tim^ from the smn of the logarithms of 
the second and third terms, subtract the logarithm cf 
the first term, and the remainder will be the logarithm 
of the fourth term. 



2. The logarithmic sine 'of a right angle or 90^ is 
10.00000, bdng the same as the logarithm of the ra« 
dius. 



BXAMPLES. 



1. In the triangle ABC, there are given the angle A=: 
32^ 15', the angle B=114'' 24', and consequently the 
angle €=33'' 21' and the sides AB=98;* required the 
sides AC and BC. 



By Construction^ Fig, 41, 

Make AB equal to 98 by a scale of equal parts, and 
draw AC, making the angle A=:32^ 15'; also make the 
angle B=:114'' 24' and produce BC, AC, till they meet in 
C, then is ABC the triangle required ; and AC measured 
by the same scale of equal parts, is 162, and BC is 95* 



the angles A and B to the equal radii AC and BF. Now the trianglea BDC and 
BEF beingaimilar^wehaTeCD: F£: :BC: BF : or AC ; that is sin. A : tin. B : 
• BC : AC. In like manner it is proved, that sin. A : sin. C : : BC : AB. When 
one of the angles is ohtnae, the demonstration is the same. Henoe ii appearsp that 
in any plane triaogle, the sides are to one another as the anes of their opposite 
angles. 

* This 98 may express ao many feet, or yards, dec, an/ the other sides will be 
of the some denomination as the giren. ^ 



. * 

' By Calculation. 
As sine of the angle C 33° 21' - - 9.74017 

Is to sine of the angle B 1 14° 24' - - 9.95937 
So is AB 98 1.99123 

11.95060 
9.74017 

To AC 162.3 - - 2.21043 

As sine of C 33° 21' 9.74017 

Is to sine of A 32° 15' 9.72723 

So is AB 98 1.99123 

11.71846 
9.74017 

To BC 95.12 L97829 

By Gunter^s Scale. 

Extend the compasses, on the line of sines, from 
33'' 21' to 65"* 36' the supplement of the angle B ; that 
extent will reach, on the line of nmnbers, from 98 to 162, 
the side AC. 

Extend the compasses from 33'' 21' to 32"* 15' on the 
line of sines ; that extent will reach, on the line of num- 
bers, from 98 to 95, the side BC. 

2. In the right-angled triangle ABC, are given the 
hypothenuse AC=480, and the angle A=53'' 8*. To 
find the base AB and perpendicular BC. 
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• 

From 90® subtract tbi«^ angle A=6y •8';\the reiDain- 
der 36® 52' will be the angle C. The angle B^ being a 
right angle, is 90® 

By Construction^ Fig. 42. 

This may be constructed as in the preceding exam- 
ple, or otherwise thus, 

Draw the line AB of any length, and draw AC making 
the angle A=53® 8*; make AC=480 by a scale of equal 
parts, and from C draw CB perpendicular to AB, then 
ABC is the triangle required. AB measured by the same 
scale of equal parts, will be 288, and BC will be 384. 

By Calculation. 
As sine of B 90° 10.00000 

Is to sine of A 53"* S' .... 9.90311 
So is AC 480 3.68124 

12.58435 

ToBC384 2.58435 

As sine of B 90° 10.00000 

Is to sine ofC 36° 52" - - - - 9.77812 
So is AC 480 - ... 2.68124 

12.45936 

To AB 288 . - 2.45936 



* « 
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By Gmder^s Scale. 

Extend the compasses, on the Une of sines, from 90^ 
to 53** 8*, that extent will reach, on the line of numbers, 
from 480 to 384 the perpendicular BC. 

Extend the compasses, on the line of sines, from 90^ 
to 36^ 52", the complement of the angle A ; that extent 
will reach, on the line of numbers, from 480 to 288, the 
base AB. 

3. In the triangle ABC, are given the angle A=79* 
23', the angle B=54^ 22^, and the side BC=125; re- 
quired AC and AB. Ans. AC= 103.4, and AB=91.87. 

4. In a right-angled triangle, there are given the 
angle A=56'' 48', and the base AB=53.66, to find the 
perpendicular BC and h3rpothenuse AC . Ans. BC=:82 
and AC=:98, 

5. In the right-angled triangle ABC, are given the 
angle A=39^ 10^, and the perpendicular BC=407.37, to 
find the base AB and h3rpothenuse AC. Ans. AB = 500.1, 
and AC=645. 

CASE 2. 

7\do sides and an angle opposite one of them being gtven^ 

to find the other angles and side. 

RULE. 

As the side opposite the given angle, 

Is to the other given side. 

So is the sine of the angle opposite the former, 

To the sine of the angle opposite the latter.* 

* Ttd» if evident from tli« demonstration of the rulo in the preceding cm*. 
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Add the angle thus found to the given angle, and sub- 
tract their sum from 180^ the remainder wiH be the. 
third angle. 

After finding the angles, the other side may be found 
by Case 1. 

Nate.'^The angle found by this rule is sometimes am 
biguous ; for the operation only gives the sine of the 
angle, not the jungle itself; and the sine of every angle 
is also the sine of its supplement. 

When the side opposite the given angle is equal to, 
or greater than the other given side, then the angle op- 
posite that other given side is always* acute ; but when 
this is not the case, that an^e may be eith^ acute or 
obtuse, and is consequently ambiguous 

BXABIPLfiS. 

1. In the triangle ABC, are given the angle C=:33* 
21', the side AB=.98 and the side BC=.7912 ; required 
the angles A and B, and the side BC. 

By Cmstrudian^ Fig. 43. 

Make BC=:.7912 by a scale of equal parts, and draw 
CA, making the angle Cz=33'' 21'; with the side A6= 
.98, in the compasses, taken from the same scale of 
equal parts, and B as a centre, describe the arc oi, cut- 
ting AC in the point A, and join BA; then is ABC the 
triangle required: the side AC, measured by the scale of 
equal parts will be 1.54, and the angles A and B, mea- 
sured by a scale of chords will be 26^ 21' and 120^ 18'. 

Here the arc ah cuts AC in one point only, because AB 
is greater than BC ; therefore the angle A is acute, and 
not ambiguous. 

6 



* * 
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By Caleulatum. 
AflAB,.98 ^1.99123 



Is to BC, .7912 —1.89829 

So is sine of C, 33° 21' - - - 9.74017 



9.63846 



To sine ofA, 26° 21' - - 9.64723 

To the angle C=33' 21' add the angle A=26' 21' and 
the sum is 59° 42* which subtracted firom 180° leaves 
the angle B= 120° 18' 

As sine ofC, 33° 21' - - - - 9.74017 



Is to sine of B, 120° 18*. 9.93621 

So is AB, .98 .... —1.99123 



9.92744 



To AC, 1.539 ... - 0.18727 

By Chtnter's Scale. 

Extend the compasses firom .98 to .79 on the line of 
nuna>ers, that extent will reach firom 33° 21' to 26° 21', 
the angle A, on the line of sines. 

Add the angle A=26° 21' to the angle C=33° 21', 
and the sum will be 59° 42*; then extend the compasses 
from 33° 21' to 59° 42*, on the line of sines, that extent 
will reach fit>m .98 to 1.54, the side AC, on the line of 
numbers. 

2. In the triangle ABC, are giyeathe angle C=33° 21', 
the side BC=95.12 and the side AB=60, to find the 
angles A and B, and the side AC. 
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By Construdion^ Fig. 44* 

This is coDstructjed in the same manner as the pre- 
ceding example ; only AB, being shorter than BC, the 
arc ab cuts AC in two points on the same side of BC ; 
hence the angle A may be either acute or obtuse. The 
side required has also two values, as AC and AC. 

ByCakuMon, 

A8AB,60 1.77815 



IstoBG,95.13 - 1J7827 

Soi88iiieC,33'2r .--- 9.74017 



11.71844 



X The sum of the angles C and A subtracted from 18(f 
leayes the angle 3=86'' 1' if A be acute, or VTT 17 if A 
be obtuse. 

To find the side AC answering to the acute value of 
the angle A. 

As sine of C, 33* 21' ... 9.74017 



Is to sine of B, 86*1' ... 9.99895 
So is AB, 60 1.77815 



ll.THlO 



To AG, 106.9 2.03693 

.To find the side AG, answering to the obtuse Tahieof 
the angle A. 



•/ . : **• • "• 
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As sine of G, 33^21' - - - 9.74017 



Is to sine of B, 27*17 • r ' d.66124 
SoisAB,60 .... 1.77815 



11.43939 



ToAC,50.03 ... - - 1.69922' 

3. In a triangle ABC, the side AB is 274,.AC 306, 
and the angle B 78° 13'j required die angles A and C, 
and the side BC. 

Ana, A==40" 33', C=6r 14', and BC=203.2. 

4. In a right-angled triangle, there are given the 
hypothenuse AC=272, and the base AB=232; to find the 
anglefs A and C, and the perpendicular BC. 

Jns. A=3r 28" C=58» 32" and BC!= 142. 

5. Ill a right-angled triangle ABC, th6 hypothenufle 
AC is 150, and one sideBC 69 ; required the an^es and 
other side. 

An8.0=6fif 37, A=2r 23', andAB 133 J8. 

OABB 3. 

J\do sules and the included angle being given^ to find the 

other angles and side. 

KULB. 

Subtract the givm angle from 180% and the temainder 
will be the sum of the two unknown angles. Then, 
As the sum of the two given sides, 
Is to their difference; 
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So is the tangemt of half the sum of the two unknown. 

angles; 
To the tangent of half their difference.* 
This half difference of the two unknown angles, add- 
ed to their half sum, will give the angle o{^[)Osite the: 



* DEMORBTiUkTiON. Let ^AfiC, Fig. 45, be the proposed triail^l^ haVmg 
the ' two . given eide* AB, AC^'including the giveii a^^ffo A.' • Aboat A u «r 
centre, with AC the greater of the given sides f[» a i^idius, describe d citcle 
meeting AB produced in E and F, and BC in D ; join DA, EC, and FC, and 
draw FG parallel to BC, meeting EC'produeed ihtjr* ' 

The angle EAC (82.1.) is eqaal to the sum of the unknown angles ABC, 
ACB; and the angle EFC at the circumference, is equal to the half of 
EAC at the centre (2aa;) there(foie.,9FC is i^ the sum of the \m* 
known angles; but (83.1.) the angle ABC is equal to the sum of thei 
angles BAD and ADB or BAD and ACB; therefore FAD is the dilP 
ference of the unknown angles ABC, ACB ; and FCD, at the circum* 
ference is the half of that difiference; but because of the parallels 
DC, FG, tlfe angles GFC» FCD are equal; therefore GFC. i^ equal to half 
the difference of the unknown angles ABC, ACB; but since the a^gle 
ECF in a semicircle^ is a right angle, EG is perpendicular to CF, and 
therefore OF being radius, EC, CG are the tangents of the angles EFC, 
CFG; it is also evident that EB is the sum of the sides BA« AC, and that 
BF is the difference ; therefore since BC, FG are parallel, EB ; BF : : 
tC : CG (2.6.:) that is, the sum of the sides AC, AB, is to theirdif^noe, 
as the tangentef half the sum of the angles ABC, ACB» is to the tangent of 
half their difference. 

To demonstrate the latter pait of the rule, let AC and AB, Fig. 46, repre- 
sent any two magnitudes whatever; in AB produced, take BD equal to AC 
the less, and bisect AD in E. 

Then because A£ is equal to ED and AC toBD,CE is equal toEB; there- 
fore AE or ED is half the sum of the given magnitudes AB^ AC, and CE or 
EB is half their.difibrence; bat AB the greater, is equfd taAE,EB,that is 
to half the sum added to half the difference ; and AC the less, is eqnal to the 
excess of AE,' half the 8am» above CS, half the difl^tence. 
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greater of the two given Bides, and being subtracted 
from the half sum wiU give the angle opposite the less 
given side. 

After finding the angles, the other side may be found 
by Case 1. 



1. In the triangle ABC, there are given AB=:128, AC 
=90, and the angle A=48'' 12 ', to find the angles B 
and C, and the side BC. 

By CoMtructumy Fig. 47. 

Draw AB=:128, and make the angle A=48^ 17; draw 
AC=90, and join BC. The angle B will measure 44* 
3T, the angle C ST 11', and the side BC 95.5. 

By Calculation. 

AB 128 180* a 

AC 90 Angle A 48 12 



Sum 218 Sum of the angles B and C 131 48 
Difference 38 Half sum do. 65 54 

Asthesumofthesides, AB,AC,218 - - 2.33846 

Is to their difference, 38 1.57978 

So is the tangent of half the sum of the angles ) i o^938 

11.92916 
To tang, of half their difference, 21* 17 - - 9.59070 

Halfsum of the angles B and C - - - 65* 54' 
Add and subtract half their difference - 21 17 

AnrieC - - - ' - - - 87 11 

AngieB 44 37 
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To find the side BC. 

As sine of B, 44^ 3T - - - 9.84656 
Istosineof A, 48 12 - -. - 9.87243 ' 
So is AG, 90 • • - 1.95424 



11.82667 



ToBQ 95.52 • . . . - 1.98011 

By Gunter^s Scale. 

Extend the compasses fix>m 218, the sum of the sides, 
to 38, their difference, on the Une of nmnbers, and apply 
this extent to the line of tangents from 45^ to the left 
hand; then keeping the left leg of tb^ compasses fixed, 
moye the other leg to 65^ 54' the half sum of the angles; 
that distance will reach from 45^ on the same line, to 
21^ 17, the half difference of the required angles. 
Whence the angles are obtained as before. 

To extend the second proportion, proceed as directed 
inCSase Ist. 

2. In a triangle ABC, are given AB=109, BC=76, 
and the contained angle B=101^ SO', to find the other 
angles and side. 

< Ans. The angle A=30''57, C=4r 33*, and the 
i side AC= 144.8. 

3. Given, in a right-angled triangle, the base AB=890 
and the perpendicular BC=787, to find the angles and 
hjpothenuse. 

C Ans. The angle A=41^ 29*, C=48^ 31', and 
( the hjrpothenuse AC=1188. 
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CASE 4. 



. Given the three [sides^ to find the angles. 



* . • 
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RULiB X* 

Consider the longest side of the triangle as the base, 
and:on it let fall a perpendicular from the opposite angle. 
This perpendiciilar will divide the base into two parts, 
called segments, a^d the whole triangle into two right- 
angled triangles. Then, 

As the base, or sum of the segqients. 

Is to the sum of the other two sides ; 

So is the difference of those sides, 

To the difference of the segments of the base.* 



I . 



* DsfQiwnuTioii. Let ABC, Fig. 46, be a tmngle» and CD be peipen- 
dicular upon AR About C as a centre with the less nde BC for a radius, 
describe a circl^ meeting AC produced, in G and E, and AB in F. Then 
it is erident that AE is equal to the sum of the sides AC, BC, and that AQ 
is equal to their difference; also because CD bisects FB (d«8,} it is- plain 
that AF is the difference of the segments of the base ; but A xBAF»A£ 
X AQ (S6.a cor. ;) therefore AB : AE :: AG : AF (16.6 that is, the base, 
is to the sum of the sides, as thediflRNrence of the sides^ is to the* difibrence 
of the se^ents of the base. 

Cor. If AF be considered the base of the triangle AFC, then will CD 
be a perpendicular on the base produced ; A£ will be equal %D the 
simi of the sides AC, FC, and AG will be equal to Uieir difference ; also 
AB will be equal to the sum of the segments AD, FD. But bj the preoed* 
ing demonstration and (16.5,) AF : AE : : AG : AB; hence, when the 
perpendicular fidls without the triangle, the base is to the sum of the 
•ide% as, the difierence of t^ie odes is to the sum of the segments of 
tfaebasa. 

A rule might, therefbre, be given,' making either side of- a triangle 
the base ; and such a rule would be rather more convenient, in some cases, 
than the one abovQ : but then, on account of the perpendicuh^r sometimes 
fidling within and sometimes without the triangle, it would require two 
and consequently would be less simple. 



• V 
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To half the base, add half the differeace of the Beg* 
ments, and the sum will be the greater segment ; also 
from half the base, subtract half the difference of the 
segments^and the remainder will be the less segment 

Then, in each of the two right-angled triangles, th»e 
will be known two sides, and an angle opposite to ohe 
of them ; consequently the other angles may be found 
by Case 2, " ' ' 

1. Inthe triangle ABC, are given AB=426,AC=365, 
and BC=:230; required the angles. 

By ConstrUctiMy Fig. 4§. 

Draw AB=426 ; with AC=365 in the dividers, and 
one foot in A, describe an arc, and with BC=230, and 
one foot in B describe another arc, cutting the former in 
C; join AC, BC, and ABC will be the triangle required. 
The angles measured by a scale of chords, will be A= 
32° ay, B=58° 56', and C=88° 2^. 

By (Mcuhtion. 

AC 365 

BC ------ 230 

^ ft « « 

Sum ------ 595 

Difference . . -: . 135 



» 
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Ab the base AB 426 2.62941 

Is to tho Bum of the sides AC, BC - 595 2.77452 
Soi8thedifi:ofthe8ide8AC,BC - 135 2.13033 

4.90485 
To the di£ of the segments AD, DB 188.6 2J27544 

Half diff. of the segments - - - 94.3 
Half base 213. 

Segment AD ....... 307.3 

SegmentBD . 118.7 

As AC - - 365 2.56229 

IstoAD 307.3 2.48756 

So is sine of ADC . - 90° 10.00000 

12.48756 

TosineofACD ... - 5r 21' 9.92527 

90 00 

Anj^eA 32 39 

AsBC 230 2.36173 

IstoBD 118.7 2.07445 

SoissineofBDC .... 90" 10.00000 

12.07445 

To sine of BCD 31* 4' 9.71272 

90 

Angle B 5856 

FVom 180* subtract the sum of the angles A, and B, 
91* 35', and the remainder 88° 25' is the angle <X 
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By Gunter^s Scale* 

Extend the compasses from 426 to 595 on the line ot 
numbers ; that extent will reach on the same line from 
135 to 188.6 the difference of the segments of the base. 
Whence the segments of the base are found as before. 
To extend the other proportions, proceed as directed in 
Case 2. 

2. In a triangle ABC, there are given AB=64, ACrs 
47, and BC=34 ; required the angles. Ans. Angle A 
=31^ 9, B=45^ 3&, and C=10y 13'. 

3. In a triai^le ABC, are given AO»88, AB=108, 
and BC=b54, to find the angles. Ans. Angle Asb29' 
49, B— 54^ T, and C=96^ 4'. 

RULB 2. 

Add together the arithmetical complements of the lo- 
g^thms of the two sides containing the required angle, 
the logarithm of the half sum of the three sides, and the 
logarithm of the difference between the half sum and 
the side opposite the required angle. Then half the 
sum of these four logarithms wiU be the logarithmic 
cosine of half the required angle.* 



* DmoiTiu THMi. Let ABC, be a trnogle of irfiich the nda AB; ii 
ffnater than AC: make ADi-AG, jom DC, bisaet it in fi, and jom A£; 
draw EH panllel and equal to CB; join HB and produce it to meet AX 
prodneed in Q. 

Now in the tiiangieo AED, AEC, 
all the ndea of the one are equal 
to the aides of the other, eaeh to 
each; therefore (8.1) the angle EAD 
BEAC,and AED^AEC; oonseqiient* 
ly AED ii a right an|^ 




• •\ 
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1. In the triangle ABC, are given AB=426, AG=365 
and BC^230; required the angle A. 





By Calculation, 




6C 


230 


• 

• 
I 


AC 


365 Ar. Co. 


7.43771 


\B 


426 Ar. Co. 


7.37059 



I ^ 



2)1021 
Half Bum 510.5 



I ( 



log. 



2; 



• :iii 



Diffeience 280.5 log. 2.44793 



Cos.* A 16^20' 

2 



2)19.96423 
9.98211 



Angle A 32 40 



Because 1^ is:equal and parcel to BC, HI is alao equal and panllel to 
EC (^ai ;) DOW inlbe'triangles £DF and HBF, the aiigle Ef^BFH, tfie 
angle FED=FHB (29.i) and Eb=EC=BH ; therefore (26.1) EF=Pfl[, and 
FD=FE Again, the angle HGE=DEA=^a right angle; tf therefore 
with the centre F, and radioB FEp»FH, a circle be described, it will paaa 
through the point 6 (31.a) 

Now2AF=2AD+dDF»AD4.AD+Dft^AD4.AB=AC+AB;there. 
ibre AF»4AC4- ^AB ; also FK»i£K=»}£II^4BC ; hence, bj adding eqaab 
to equals, AF+FK===^AC+^AjB+^BCV ^ AK»i(AC-hAB+BG ;) again, 
AI=Ak— I&=J(AC+AB+BC)— BC. 

But (Dem. to rule, case lat) AD : AE : : sin. AED : sin. ADE : : rad. : coa. 
EAD (cos. ^BAC.) ALkh AB : AG : : sin. A6B : sin. AB6 : : nd.: cos. 
BAG (cos. ^BAC.) 

Hence (c 6) ABx'AD : : AGx A^ : : rad.* : (cos. JBAC)« . But ABx 
AD» AB X AC, and (cor. 36.8) AG X AE» AK x AI»KAC+ AB+ BC) x 
[i(AC+AB4-BC)— BC;] therefore ABxAC: i(AC+AB+BCJ)xft(AC-r 
AB+BC)—BC] : : rad.« : (cos. ^BAC)' . 

Now it is evident, that^ in worldng this proportion by logaiithin% 
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If the other ^mglps arc r^uired, they jnay be found 
by Case 1. , ^ 

» • » « 

2. In a triangle ABC, aio given AB=64, AC==47, and 
fiC=34, to find the angle 6. An$, Angle B=45° 38*. 

3. In a triangle ABC, are given AC=88, AB=:108, 
and BC=54, to find the angle C. Ans. C=96^ 4'. 

The preceding rules solve all the. cases of plane trian- 
gles, both right-angled and oblique. There are, how- 
ever, other rules, suited to right-angled triangles, which 
are sometimes more convenient than the general ones. 
Previous to giving these rules, it will be necessary to 
ivake the following 

Remarks on right-angled triangles. 

\. ABC, Fig. 50, being a right-angled triangle, make 
one leg AB radius, that is, with the centre A, and dis- 
tance AB describe an arc BF. Then it is evident that 
the other leg BC represents the tangent of the arc BF, 
or Qf the angle A, and the' hypothenuse AC the secant 

^it. X 

■• . _ • » 

2. In like manner, if the leg BC, Fig. 51, be made 

radius ; then the other leg AB will represent the tangent 

of the arc B6, or angle C, and the hypothenuse AC the 

secant of it* 



' 1 ; 



and takiiu' the widunetical complementi of the logari(hm8 of th^ fint 
tenn, viz. of tlie two odes inclnding the required, angle, if we omit the 
logarithm of the square of radiua^ which- is 20, it is just equivalent to r»» 
jecting 20 from the sum of the logarithms ; which would otherwise have to 
be done. 
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3. But if the hypothenuse be made radius, then each 
1^ will represent the sine of its opposite angle ; namely, 
the leg AB, Fig. 52, the sine of the arc AE or angle C, 
and the leg BC the sine of the arc CD, or angle A. 

7^ angles and one side of a righi^ngled triangle being 

givenj to find the other sides. 

EULB* 

Call any one of the sides radius, and write upon it the 
word radius ; observe whether the other sides become 
sines, tangents, or secants, and write these words on 
them accordingly. Call the word written upon each 
aide the name of that side. Then, 

As the name of the side given. 

Is to the name of the side required; 

So is the side given. 

To the side required.* 

TiDO sides of a right-angled triangle being given to find 

the angles and other side* 

Call either of the given sides radius, and write on 
them as before. Then, 



* DcMomrrEATioH. Let ABC, Fig. 58, be a right angled triangle ; then it is 
erident that BC is the tangent, and AC the secant of the angle A, to the ra- 
dios AB, Let AD represent the radius of the tables, and dnw DE perpen- 
dicular to AD, meeting AC produced in E ; then DE is the tangett, and AE 
the secant of the angle A, to the radios AD. Bot becaose of the similar tri- 
angles ADE, ABC, AD : DE : : AB : BC ; that is, the tabular radios : tabolar 
tangent : : AB : BC. Also AD : AE : : AB : AC;that is, the tabular radhis : 
tabular secant : : AB : AC. These proportions correspond with the rde. 
When either of the other sides is made radios^ the demonstration will be 
smuhur. 
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I" 

As the side made radius, 
Is to the other given side ; 
So is radius, 
To the name of that other side.* 

After finding the angle, the other side is found as in 
the precedmg rule. 

BXAMPLSS. 

1. In a right-angled triangle ABC, are given the base 
AB=208, and the angle A=35^ 16', to find the hypo- 
thenuse ACand perpendicular fiC« 

By CakulaHon* 

The hypothenuse AC being radius. 
Aa the sine of C 54° 44' • • - 9.91194 

Istoradius 10.00000 

So is AB 208 2.31806 

12.31806 

To AC 254.8 ------ 2.40612 

As the sine of C 54° 44' - - - 9.91194 
Is to the sine of A, 35 16 - - - 9.76146 
So is AB 208 2.31806 

12.07952 
To BC, 147.1 2.16758 

* This k th* oanveneof die jmeeffiBg nle^ 



* I 



64 PLANB TRIGONOMETRY. 

The base AB being radius. 

As radius - 10.00000 

Is to the secant of A, 35' 16' - -' 10.08806 
So is AB 208 ...... 2.31806 

12.40612 



^ 



To AC 254.8 2.40612 

As radius 10.00000 

IstQtangentofA)35'*16' - - 9.84952 
So is AB, 208 ...... 2.31806 

12.16758 

To BC 147.1 2.16758 

The perpendicular BC being*radius. 

As tangent of C 54° 44' - • - - 10.15048 
Is to secant of C, 54 44 - - - - 10.23854 
So is AB, 208 ....-- - 2.31806 

12.55660 

To AC 254.8 2.40612 

As tangent of C, 54*^44' - - - - 10.15048 
Is to radius, 10.00000 

So is AJB 208" . - - - . - 2.31806 

' j_, 

12.31806 , 

To BC, 147.1 . « . . . . 2.16758 

2. In a right-angled triangle ABC, thpre are g^ven the 
hypothenuse AC=:272, and the base AB=232 ; required 
the angles A and C, and the perpendicular BC. 



^ 



■ 
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By Calculatian. 

The hypothenuse AC being radius* 

AaAC,272 2.43457 

l8toAB,232 2.36549 

Sois radius ------ -10.00000 

12.36549 
To Bine of C, 58" 32f - - - - 9.93092 

. t 1.1- i • 

As radius 10.00000 

Is to sine ofA, 31" 28^ - . - - 9.71767 
SoisAqaT* - - - - - - - 2.43457 

12.15224 

- 

ToBC,142 2.15224 

The base AB being radius. 
AsAB,232 --.----- 2.36549 
Is to AC, 272- - 2.43457 

So is radius - - . ♦ ■ = - - - - 10.00000 

12.43457 

• • • 

To secant of A, 31" 28* - - - - 10.06908 



• 



As radius - - - - 10.00000 

b to tangent of A* 31* 2» - r - 9.78675 
So is AB, 232 - 2.36549 

12.15224 

To BC,142 - - - * 2.15224 

6* I 
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3. In a right-angled triangle, are given the hjrpothe- 
nnse AC==36.57, and the angle A=2r 46', to find the 
base AB, and perpendicular BC, 

Ana. Base AB=:32^6, and perpendicular BCssl7.04. 

4. In a right-angled triangle, there are given, the per- 
pendiculaFssl93.6, and the angle opposite the base 4V 
51'; required the hjrpothenuse and base. 

Ans. H3rpothenusess288.5, and basesss213.9. 

5. Required the angles and hypothenuse of a right- 
angled triangle, the base of which is 46.72, and perpen- 
dicular 57.9. 

A^ ( Angle opposite the base 38^ 54', a£tgle opposite 
' I the perpendicular 51^ 6', and hypothenuse 74.4. 

When two sides of a right-angled triangle are given, 
the oth^r side may be found by the following rules, with- 
out first finding the angles. 

1. When the hypothenuse and one leg are givenj to find 

the other kg. 

BULB. 

Subtract the square of the given leg firom the square 

of the hypothenuse ; the square root of the remainder 

will be the leg required.* Chr by logarithms thus, 

• 
To the logarithm of the sum of the hypothenuse and 

given side, add the logarithm of their difference ; half 

this sum will be the logarithm of the leg required. 



* DmoivntATioii. The iquare of the hypothenuse of a right«iigled tri- 
•Bgle is equal to the som of die squares of the s^es (47.L) Therefiire the 
trath of the first part of each of the rules is evident 



PLAKS TRIGONOMETBT. 67 

* 

2« When the two legs are given to find the hypothenuee. 

4 

« BULB* 

Add together the squares of the two giyen legs ; the 
square root of the sum will be the hypothenuse.* Or 
by logarithms dius. 

From twice the logarithm of the perpendicular, sub* 
tract the logarithm of the base, and add the correspond* 
ing natural number to the base ; then, half the sum of 
the logarithms of this sum, and of the base, will be the 
logarithm of the hypothenuse. 

EXAMPLES. 

1. The hypothenuse of a right-angled triangle is 272, 
and the base 232 ; required the perpendicular. 

Calculation by logarithms. 

Hypothenuse - - 272 
Base .... 232 



Sum .... 504 log. 2.70243 
Difference ... 40 1.60206 



2)4.30449 



Perpendicular - - 142 2.15224 



* Pat Asthe hypotheniiMb Astha baM» and jisstha per pendicolar^ 

then (47.1) j^aA^...6b(&3 cor.) WTxi^^ or j»V'*+*^*-'' 
whence^ from tha nature of logaiithoii^ the latter part of the Siit mla 
ii evident 

Alio (47.1) fttey+jteftxHt or A^v' (*XH^) 

which, Kdved by logarithmfli will oorreepond with the latter piit 'jd At 
aecond rule. 

5 



^* 
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2. Giyen the base 186, and the peroondicular 152, to 
find the hypothenuse. 

Caladation hy Logarithmt. 

PerpendiculaT 152 log. 2.18184 

3 



4.36368 
Base ... 186 2.26951 2.26951 



124J2 2.09417 



310J2 log. J249164 



2)4.76115 
Hjpothennse 240.2 log. 2.38057 

3. The hypothenuse bemg given eqoal 403, and one 
leg 321 ; required the other leg. Jsu. 243.7. 

4. What is the hypothenuse of a right-angled triangle, 
the base of whidi is 31.04, and perpendicolar 27J2? 

Ans* 41JSn. 

4 

The following ^ounples, in which trigcmometij is ap- 
plied to the menBuration of inaccessible distances and 
heights, will serve to render the student expert in solving 
the different cases, and also to elucidate its use. 

THE APPLICATION OF PLANE TRIGONOMETKr TO TBE MENBU 
BATION OF DISTANCES AND BBIGHTS. 

EXAMPLE 1, Fig. 54. 

Beii^ on one side of a river and wanting to know the 
distance to a house on the oth^r side, I measured 500 
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yards along the side of the river in a right line AB, and 
found the two "angles* between this line and the object 
to be CAB=74^ 14', and CBA=49^ 23^. Required the 
distance between each station and the object 

CcJcuIatimu , 

The sum of the angles CAB and CBA is 123^ 37, which 
subtracted from ISO"" leaves the angle ACB=56'' 23* 
Then by Case 1 ; 

8. ACE : 8.CBA : : AB : AC 
5go23' 49023' 500 455.8 

and 

8.ACB : 8. CAB : : AB : BC 
55033/ 740141 500 577,8 

fOLAMPLR 2^ Fig. 55. 

Suppose I want to know the distance between two 
places A and B, accessible at both ends of the line AS| 
and that I measured AC=735 yards, and BC=:840; 
also the angle AGB^SS"" 40^. What is the distancd 
between A ajid B ? 

CdeudaHon. 

T\ab Angle ACB=55° 40f, being subtracted from 180% 
leaves 124** 29; the half of which is 62° 10*. Then bj 
Cases. 



* The ing^M may be taken with a common nirveyor's eompaa; or inort 
Meniateljr with an imrtrameot atlled a thqodolitei 
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_ CAB+CBA. CAB-CBA 
BC+AC : BC— AC : : tangent g tangent 2 

1575 105 e29l(r r>lSif 

CAB+CBA CAB— CBA 
To and from g =fl2o Wf add and sab. ^ ^'^ 

12't and we ahaU have CAB=(XP2aff and CBA=:54o 56'. Then, 

a ABC . a. ACB : : AC : AB 
54058' 65^40' 785 741^ 



EXAMPLB 3| Fig. 56. 

Wanting to know the distance between two inacces 
sible objects A and B, I measured a base line €0=300 
yards: at Cthe angle BCD was 58^ 20^ and ACD 95^ 20^; 
at D the angle CDA was 53'' 3a and CDB 98^ 45'. Re- 
quired the distance AB. 

Calculation^ 

1. In the triangle ACD, are given the angles ACD=:95^ 
20", ADC=:53^ 3a, and the side CD=300, to find AC= 
465.98. 

!^. In the triangle BCD, are given the angle BCD:=: 
58° fXy, BDC=98*^ 45', and side CD=300, to find BC= 
761.47. 

3. In the triangle ACB we have now given the angle 
ACB=:ACD-BCD=3r, the side AC=465.98 and BC 
ai761.47, to find AB=:479.8 yards, the distance re- 
quired. 

BXAMFtB 4, Fig. 57. 

Being on one side of a river and observing three ob- 
jects, A, B and C stand on the other side, whose d]»- 
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tances apart I knew to be, AB=3 miles, AC=2, and BC 
r=1.8, 1 took a station D, in a straight line with the ob- 
jects A and C, being nearer the former, and found the 
angle ADB=1T' 47. Required my distance from each 
of the objects* 

Constrtiction. 

• 

With the three given distances, describe the triangle 
ABC; from B, draw BE parallel to CA, and draw BD 
making the angle EBD=17' 47 (the given angle ADB) 
and meeting CA produced, in D : then AD, CD and BD 
will be the distances required."*^ 

Calculation. 

1. In the triangle ABC we have all the sides gifen, to 
find the angle C=104''8'. 

2. Subtract the sum of the angles D and C fix)m 180% 
the remainder 58^ 5' will be the angle DBC; then in the 
triangle BCD we know all the angles and the side BC 
to find DC=5.002 and BD=5,715 ; therefore DA=DC 
— AC=3.002. 

EXAMPLE 5, Fig. 58. 

From a station at D, I perceived three objects. A, B 
and C, whose distances from each other I knew to be as 
follow : AB=12 miles, BC=7.2 miles, and AC=8 miles; 
at D, I took the angle CDB=25^ and ADC=:19^ 
Hence it is required to find my distance from each of 
the objects.^ 



* DsMoiornLATiOH. By confltructioD, the distances AB, BC and AC 
are equal to the given distances; also the angle (29.1) BDC=the aogto 
DBE=the given angle. 
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Construction. 

With the given distances describe the triangle AfiC; 
at B, make the angle EBA=19^=the given angle ADC, 
and at A, make the angle EAB=25^=the given angle 
BDC; draw AE, and BE meeting in E, and (by prob. 10,) 
describe a circle that shall pass through the points A, 
E and B : join CE and produce it to meet the circle in 
D,and join AD, BD, then wiU AD, CD, and BD be the 
distances required.* 

Calculation. 

1. In the triangle ABC, all the sides are given, to find 
the a!igle BAC=35^ 35'. 

2. In the triangle AEB, are given all the angles, vii. 
EAB=25% EBA=19%and AEB=136% and the side 
AB=12, to find AE=5.624. 



^ DaiioiarnuTimc The angle ADC standing on the aune arc with the 
angle ABE is equal to it (21.9.) For the same reason the angle BDC 
is equal to the angle BA£; but by construction the angles ABB and BAE 
are eqnal to the given angles ; therefore the angles ADC and BDC are equal 
to the given angU 



Mte.— When the given angles ADC, BDC are respectively equal to the 
angles ABC, BAC, the point E will fidl onr the point C, the circle will pass 
through the points A, C, and B, and the point D may be any where in the 
arc ADB ; consequently, in this case, the situation of the point D, or its 
dktance fiom each of the objects A, B, C, cannot be determined fiom the 
data given. 

It may not be improper also to observe, that even when\he angle ADB^ 
which is the sum of the given angles, is equal to the sum of the angles ABC, 
BAC, or which is the same thing, is the supplement of the angle ACB, the 
eirele passes through the points A, C, B ; but then the angles ADC, BDC, 
itailesB they have been erroneously taken, will be respectively equal t^ the 
angles ABC, BAC. 



n 
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3. Ip the triangle CAE we have given the side AC=:8, 
AE=:5.624, and the angle CAE=BAC— £AB=;10° 35' 
to find the angle ACE=22° 41'. 

4. In the triangle DAC, all the angles axe given, viz. 
ADC=19% ACD=22' 41' andCAD=180P— the sum of 
the angles ADC and A€D=138° 19^, and the side AC 
=8, to find AD=:9.47 miles, and CD=16.34. 

Li the triangle ABD, we have the angle ADB=ADC 
+BDC-44% the angle BAD=CAD~BAC=103f 44', 
and the side AB=12, to find BDbsl6.85 miles. 

EXAMPLE 6, Fig. 59« 

A person having a triangular field, the sides of which 
measure AB:=50 perches, AC=46 perches, and BC=40 
perches, wishes to have a well dug in it, that shall be 
equally distant from the comers A, B, and C. What 
must be its distance fi*om each comer, and by what angle 
finom the corner A, may its place be found ? 

Consiructum. 

With the given sides constract the trian^ ABC, and 
(by Prob. 10.) describe a circle that shall p&ss through 
the points A, B, and C ; then the centre E of this circle 
is die required place of die well.* 

Ckictdaiion. 

1. In the triangle ABC, all the sides are given, to find 
die angle ABGs60'' 16^. 

2. Join CE and produce it to meet the circumference 
in D ; also join AEand AD \ then the angles ADC, ABC 



* Tli«d6iiiciifltntioiioftiusi0plft]ii(L8eQr«) 

K 
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being angles in the same segment, are equal ; also the 
angle DAC being an angle in a semicircle, is a right an- 
gle : therefore in the right-angled triangle DAC, we have 
the angle M)C=ABO=60'* 16', and the side AC, to find 
CD=52»98 perches. The half of CD i»^26.49 perches 
s==CE=the distance of the well fix)m each comer. 

3. The*angleACD=90^—ADC=29* 44'; but because 
ABC is an isosceles triangle, the angle CA£= ACE&s29^ 
44' the angle required. 

BXAMFLB 7, Fig. 61. 

Wishing to know the height of a steejde situated on 
a horizontal plane, I measured 100 feet in a right line 
fix)m its base^ and then took the angle of elevation* of 
the top, which I found to be 47^ 30' the centre of the 
quadrant being 5 feet above the ground : required the 
height of the steeple. 



* Anglei of elevation, or of depreBsicm, are usually taken with an instru- 
ment called a quadrant, the arc of which is divided into 90 equal parts or de- 
grees, and those, when the instrument is sufficiently large may be subdivi- 
ded into halves, quarters^ &c. IVom the centre a plummet is suspended by 
a fine silk thread. Fig. 00, is a representation of this instrument 

To take an angle of elevation, hold the quadrant in a vertical position, 
and the degrees being numbered from B towards C, with the eye at C, look 
along the side CA, moving the quadrant till the top of the object is seen in a 
range with this side ; then the angle BAD made by the plummet with the 
tid^ BA, will be the angle of elevation required. 

Angles of depression are taken in the same manner, except that then the 
eye is applied to the centre of the quadrant 

Jfote. — ^In finding the height of an object, it is best to takesachapositiaii 
that the observed angle of altitude may be about 45^ ; finr when the observed 
angle is 45^^, a small error committed in taking it, makes the least error in 
the oompated height of the object 
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Calculation. 

In the right angled triangle DEC,' we have the an- 
gle CDE=47° 30", and the base DE=AB=:100 feet to 
find C£= 109.13 feet i to CE add EB=DA=5 feet, the 
height of the quadrant, and it will give BC=: 114.13 feet, 
the reqhired height of the steeple. 

EXAMPLE 8, Fig. 62. 

Wishing to know the height of a tree situated in a 
bog, at a station D, which appeared to be on a level 
with the bottom of the tree, I took the angle of eleva- 
tion BDC=51^ SC; I then measured DA=75 feet in a 
direct line from the tree, and at A, took the angle of 
elevation BAG=26'' SOf. Required the height of ihe 
tree. 

Calcidation* 

1. Because the exterior angle of a triangle is equal to 
the sum of the two interior and opposite ones, the angle 
BDC-DAC+ ACD; therefore ACD=BDC-DAC=25^ 
now in the triangle ADC we have DAC=26^ SC, ACD 
=25^ and AD=75, to find DC=79.18. 

2. In the right angled triangle DBC are given DC= 
79.18, and the-angle BDC=51^ SOT to find BC=61.97 
feet, the required height of the tree. 

EXAMPLE 9, Fig. 63. 

.Wanting to know the height of a tower EC, which 
stood upon a hiU, at A, I took the angle of elevation 
CAB=44''; I then measured AD 134 yards, on level 
ground in a straight line towards the tower; at D the 
angle CDB was 67^ 50 and Ei)B 51^ Required the 
height of the tower and also of the hilL 
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Calculation. 

1. In the triangle ADC we have the angle DAC=44^ 
the angle ACD=BDC-DAC=:23^ SC, and the side AD, 
to find DC=230.4. 

2. In the triangle DEC all the angles are given, viz. 
CDE=BDC-BDE=16^5(y,DCE=90^-BDC=25nO', 
DEC=180^-the sum of the angles CDE and DCE,= 
141% and CD=2304, to find CE= 106 yards, the height 
of the tower* 

3. In the right-angled triangle DBC, we have the an* 
gle BDOi=6r 5ff, and the side DC^230.4, to find BC= 
213.4; then BE=;=BC-CE=213.4-106=107.4 yards, 
the height of the hiU. 

EXAMPLE 10, Fig. 64. 

An obelisk AD standing on the top of a declivity, I 
measured from its bottom a distance AB=40 feet, and 
then took the angle ABD=41% going on in the same di- 
rection 60 feet farther to C, I took the angle ACD=23* 
45^: what was the height of the obeUsk ? 

CaleuhHon. 

1. In the triangle BCD, we have given the angle BCD, 
«:;23'' 45', the angle BDC=»ABD-BCD^ir 15', and 
side BC»=60, to find BDb=81.49. 

2. In the triangle ABD are given the side AB=40, 
BI>=r81.49, and the angle ABI>=41% to find AD=57.64 
feet, the height of the obelisk. 
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RXAHPUS 11, Fig. 65.^ 

Wanting to know the height of an object on the 
other side of a river, but which appeared to be on a 
level with the place where I stood, close by the side of 
the river ; and not having room to go backward on the 
same plane, on account of the immediate rise of the 
bank,I placed a mark where I st6od, and measured in 
a direct line from the object, up the hill, whose ascent 
was so regular that I might account it a right line, to 
the distance of *132 yards, where I perceived that I was 
above the level of the top of the object; I there 
took the angle of depression of the mark by the river's 
side equal 42% of the bottom of the object equal 27*, 
and of its top equal 1^: required the height of th« 
object* 

Caladatian, 

h In the triangle ACD, are given the angle CADx» 
EDA=27% ACI>=180^~CDE (FCD>=138^ and the 
side CD=132, to find AD=194.55 yards. 

2. In the triangle ABD, we have given ADB=bADE— 
BDB=8% ABD=BED+BDE=;109^ and AD=194.55, 
to find AB= 28.64 yards, the required height of the object. 

BXAMFLE 12, Fig. 66. 

A May-pole whose height was 100 feet standing on a 
horizontal plane, was broken by a blast of wind, and the 
extremity of the top part struck the ground at the dis- 
tance of 34 feet firom the bottom of the pole : required 

the length of each part. 
7* 
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Constrtictiaru 

Draw AB=34, and perpendicular to it, make BCm 
100 ; join AG and bisect it in D, and draw DE perpendi- 
cular to AC, meeting BC in E ; ttien AE=CE=::i the part 
broken off.* 

Calculation. 

1. In the right-angled triangle ABC, we have AB=34 
and BC=100, to find the angle C= 18^ 47. 

2. In the right-angled triangle ABE, we have AEB« 
ACE+CAE«2ACE-37^ 34', and AB-34, to find AE 
-55.T7 feet, one of the parts j and 100-55.77-44.23 
feet the other part. 

PRACTICAL QUESTIONS. 

1. At 85 feet distance from the bottom of a tower, the 
angle of its elevation was found to be 52^ 30^: required 
the altitude of the tower. Ans. 110.8 feet. 

f 

2. To find the distance of an inaccessible object, I 

measured a line of 73 yards, and at each end of it took 



* DBMOHBTBATioir. In the triangles AED, DEC, the angle AD£=:CDE, 
the ride AD=CD, and D£ ia common to the two triangles, therefore (41) 
AE=CK 

Note. — ^Thia question may be neatly solved in the blowing man- 
ner without finding either of the angles. Thos, draw DF perpendi* 
colar to BC, then (81.3 and cor. a6} FC : DC : : DC : CE; conse- 

I>C" ^ ^^ AC« AB^+BCi ^^^ ,^^ 
quently CE=f^ ; but DC^— j-= j , and FC=iBC ; there- 

AB»+BC» 34«+100« 1156+10000 ' 11156_„^ _ 

«ire CE=-2BC = "SOO ^ 200 =— 20r-"^^ ^ 

flame as before nearly. 
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the angle of position of the object and the other end, and 
found the one to be 90% and the other 61'' 45': required 
the distance of the object from each station. Ans. 135.9 
yards from one, and 154.2 from the other. 

3. Wishing to know the distance between two trees 
C and D, standing in a bog, I measured a base line AB» 
339 feet ; at A the angle BAD was 100** and BAC 36** Sff; 
at B the angle ABC was 121"* and ABD49*': required the 
distance between the trees. Ans. 697i feet. 

4. Observing three steeples, A, B and C, in a town at a 
distance, whose distances asunder are known to be as 
follows, viz. AB-213, AC«404, and BC=262 yards, I 
took their angles of position from the place D where I 
stood, which was nearest the steeple B, and found the 
angle ADB=-13^ SOf; and the angle BDC«29^ 5ff. Re- 
quired my distance from each of the three steeples. Ans. 
AD-571 yards, BD=389 yards, and CD-514 yards. 

5. A May-pole, whose top was broken off by a blast 
of wind, struck the ground at 15 feet distance from the 
foot of the pole : what was the height of the whole May- 
pole, supposing the length of the btoken piece to be 39 
feet ? Ans. 75 feet 

6. At a certain place the angle of elevation of an in- 
accessible tower was 26^. Sff; but measuring 75 feet in 
a direct line- tov^ards it, the angle was then found to be 
51^ 3ffi required the height of the tower and its distance 
from the last station. Ans. Height 62 feet, distance 
49. 

7. From the top of a tower by the sea side, of 143 feet 
high, I observed diat the angle of depression of a ship's 
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bottom, then at anchor, was 35^ ; what was its distance 
fix)m the bottom of the wall ? Ans. 2MtJ2 feet 

8. There are two coluinns left standing upright in the 
ruins of PersepoUs ; the one is 64 feet above the plane, 
and the other 50 ; in a right line between these stands 
an ancient statue, the head of which is 97 feet fix>m the 
summit of the higher, and -86 from that of the lower 
column; and the distance between the lower column 
and the centre of the statue^s base is 76 feet : required 
the distance between the tops of the columns. 

Ans. 157 feet 



SURVEYING. 



CHAPTER L 

ON THE DIMENSIONS OF A SURVET. 

1. ScBTBTiNa is the art of measuring, laying out and 
dividing land. 

2. A Fcur^Fcie Chain is an instrument used for mea- 
suring the boundaries of a survey. It is, as its name im- 
ports^ 4 poles or 66 feet in length, and is divided into 100 
equal parts or links. The length of a link is therefore 
7.92 inches. 

Note. — ^A Four-pole Chain is frequently called simply 
a chain. 

3. A Tkoo-pok Chain is 2 poles or 33 feet in length, 
and is usually divided into 50 equal parts or links. 
When it is thus divided, the links are of the same length 
as in a four-pole chain; and the measures taken with 
it are reduced to four-pole chains previous to using them 
in calculation. 

Sometimes the two-pole chain is divided into 40 links ; 

in which case, each two links is the one-tenth of a perch. 

Measures taken with a two-pole chain, thus divided, are 

usualty expressed, in perches and tenths. 

L 8J 
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4. The Distance of a line in surveying, is its length, 
estimated in a horizontal direction.. It is generally ex- 
pressed either in chains and links, or in perches and 
tenths. ^ 

5. A Meridian pr Meridian Line is any line that runs 
due north or south. 

Note. — ^All the meridians passing through any survey 
of moderate extent may be considered as straight lines, 
parallel to one another.* 

6. The Bearing or Course of a line, is the angle which 
it makes, with a meridian passing through one end ; and 
it is reckoned from the North or South Points of the 
horizon towards the East or West Points. 

Thus, supposing the line NS, Fig. 77, to be a meridian, 
and the angle SAB to be 50^; then the bearing of AB 
from the point A, is 50^ to the east of south ; which is 
usually expressed thus : S. 50^ E., and read, south, fifty 
degrees east. 

7. The Reverse Bearing of a line is the bearing taken 
fix)m the other end of the line. 

Note. — ^The bearing and the reverse bearing of a line, 
are angles of the same magnitude,t but lying between 



*'. 



'* The mendians are, in reality, carve lines which meet m the north and 
aoath poles of the earth. No two of them are therefore exactly parallel; 
bat in oanal sanreys their deviatioa fiom parallelism is so reiy small, that 
there is no sensible error in considering them so. 

t As the meridians are not exactly parallel, this is not strictly true, except 
in a few cases: bat the difference is too small to be ohsenredm practice. In 
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directly opposite points. Thus, if the bearing of AB, 
from the end A, is 8. 50'' K, the bearing of the same line 
from the end B, is N. 5(r W. 

8. A Circumferentor or Surveyor's Compass^ is an in- 
strument used to take the bearings of lines. 

The circumference <^ its face is divided into degrees, 
and in some of the larger ones into half degrees, in such 
manner that fwo opposite points may be exactly in the 
direction of the sights with which the instrument is fur- 
nished. These points are the north and south points of 
the instrument. Midway between them, on the circum- 
ference, are the east and west points. The degrees are 
numbered from 0^ to 90^ each way from the north and 
south points to the east and west ones. In the centre 
of the face is a pin, finely pointed, which supports a 
Magnetic Needle, moving freely within the instrument. 
The instrument, when used, is placed on a staff, having 
a pointed iron at the bottom, and a ball and socket at 
the top. 

The Chain and Compass are the instruments vnth 
which the dimensions of surveys in this country are 
generally taken. It is important to have them accurately 
made. In the selection of a compass, particular atten- 
tion should be directed to the settling of the needle. If, 
when the needle has been moved out of its natural pon- 
tion, it settles very soon, it is defective ; either its mag- 
netic virtue is weak, or it does not move with sufficient 
freedom on the pin. 

9. The Difference of Latitude^ or the Northing or 



the latitude of Philadelphia the greatest diJ^Tence hetween the hearing and 
re?erBe hearing of a line, a mile in length, if only 44". In higher latitudes 
the difference is greater. 

6 
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Southing of a line, is the distance that one end is further 
north or south than the other end ; or it is the distance 
which is intercepted on a meridian passing through one 
end, between this end and a perpendicular to the meri- 
dian, from the other end. 

Thus, if NS, Fig. 77, be a meridian passing through 
the end A, of the line AB, and B6 be perpendicular to 
NS, then is AJb the difference of latitude or southing of 
AB. 

10. The D^rture or the Easting or Westing of a line 
is the distance that one end is further east or west than 
the other end ; or it is the distance from one end, perpen- 
dicular to a meridian passing through the other end. 

Thus B5, Fig. 77, is the departure or easting of the 
line AB. 

But if n^ be a meridian, and AC perpendicular to it, 
and if the bearing of the line be taken fromB to A, then 
is BC the diflference of latitude or northing, and AC the 
departure or westing, of the line AB. 

•• 

Nate. — ^It is evident from the definitions, that the Dis- 
tance, Difference of Latitude, and the Departure form the 
sides of a right-angled triangle ; in which, considering 
the departure as the base, the perpendicular is the differ- 
ence of latitude, the hypothenuse is the distance, and the 
angle at the perpendicular is the bearing. 

w 

11. The Meridian Distance of any station, is its dis- 
tance fi*om a meridian passing thiough the first station 
of the survey, or any other assumed point. 

12. The Traverse Tabk^ is a table containing the dif- 
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ferences of latitude and the departures, computed to dif- 
ferent courses and distances. 

13. TTie Area or Content of a tract of land is the Aort- 
zorUal surface included within its boundaries, expressed 
in known measures, as Acres, Roods, and Perches. 

14. In going round a tract of land and returning to 
the place of beginning, it is evident that the whole 
northing which has been made, must be equal to the 
southing, and the easting to the westing ; or in other 
words, that the sum of all the northings* must be equal 
to that of the southings, and the sum of the eastings, to 
that of the westings. 

This principle enables us to judge of the accuracy of 
a survey, when the bearings and distances of all the sides 
have been taken. If the sums of the computed north- 
ings and southings are equal, and also those of the east- 
ings and westings ; or, if, though not exactly equal, they 
are very nearly so, we may conclude that the survey has 
been correctly made ; as very small differences in these 
sums may be imputed to little, unavoidable errors in 
taking the brings and measuring tlie distances. But 
when the sum of the northings differs considerably from 
that of the southings, or that of the eastings from that 
of the westings, we must infer that an error has been 
made, too great to be admitted. In this case a re-sur- 
vey should be taken. 

It is a rule with some of our best practical surveyors, 
that when the difference between the sums of the north- 
ings and southings, called the error in latitude^ or that 
between the sums of the eastings and westings, called 
the error in departure^ exceeds one link for every five 
chains in the sum of the distances, a re-survey ought to 
be made« 
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When the errors in latitude and departure fall within 
the limits just mentioned, they should be properly appor- 
tioned among the several latitudes* and departures ; we 
shall thus obtain what are called the corrected latitudes 
and departures. The method of doing this will be given 
in one of the following problems. 

PROBLEM I. 

To reduce twchpole chains and links to four-poie chains 

and links. 

BULE« 

1. If the number of chains is even^ divide it by 2, and 
to the quotient annex the given number of links. 

2. If the number of chains is fdd, divide by 2 as be- 
fore, for the chains; and for the 1 that is ofi^ add 50 to 
the given number of links. 

BZAMFLES. A 

» 

1. In 16 two-pole chains and 37 links, how many four- 
pole chains and links? Ans. 8 ch. 37 Knks^ or 8J37 eft. 

2. How many four-pole chains and links are there in 
17 two-pole chains and 42 links ? Ans. 8.92 ch. 

k 

3. How many four-pole> chains and links are there in 
22 two-pde chains and 7 links ? Ans. 11.07 eh. 



* In Older to ooncisenefli of ezpreMbn, diflbrenee of latitode it fteqoontlj 
cdled limply, latitude. 
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PROBLEM n. 

To reduce two-pole chains and links to perches and 

hundredths of a perch, 

EULE. 

Multiply the links by 4, for the hundredths, and the 
chains by 2y for the perches. If the hundredths exceed 
100, set down the excess, and add 1 to the perches. 



Note. — ^This rule supposes the two-pole chain to be ifi 
vided into 50 links. 



EXAMPLES. 



1. Reduce 17 two-pole chains and 21 links to perches 
and hundredths. Ans. 34.84 per. 

2. Reduce 15 two-pole chains and 38 hnks to perches 
and hundredths. Ans. 31.52 /^er. ^ 

3. Reduce 57 two-pole chains and 49 links to perches 
and hundredths. Am. 1 1 5.96 per. 

PROBLEM ra. 

To reduce eqmrefour^le chains to acres. 

EIXLB. 

Divide by 10, and the quotient will be tlie acres. If 
there is a decimal in the quotient, multiply it by 4, for 
£he roods; and the decimal of these by 40, for tho 
perches. 



V 
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EXAMPLES. 



1. Reduce 523.2791 square chains to acres. 

10)523.2791 

52.32791 
4 



1.31164 
40 



12.46560 Ans. 52 ac. lr.l2]K 

2. Reduce 41.9682 square chains to acres. 

Ans. 4 oc. Or. 31 jp. 

3. Reduce 132.925 square chains to acres. 

Ans. 13 ac. 1 r. 6.8 p. 

PROBLEM IV. 

To reduce acres j roods and perches to square chains., 

RULE. 

Divide the perches by 40 and prefix the roods ; divide 
the result by 4 and prefix the acres ; then this latter re- 
sult, multiphed by 10, will give the square chains. 

* Or reduce the given quantity to perches and divide 
by 16. 

EXAMPLES. 

1. Reduce 13 ac. 1 r. 10 p. to square chains. 

40)10 

4)1.25 

13.3125 ^=133.125 sg. eh. 



■4 
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2. Reduce 127 ac. 3r. 23^. to square chains. 

Ans. 1278.9375 zq. ch. 

3. Reduce 35 ^lo. Or. 20 j9. to square chains. 

Ans. 351.25 sq. ch 

PROBLEM V. 

To find the hearing cfa Rne. 

1. Let a stake of six or eight feet in length be set up 
perpendicularly, at the far end of the hue. Set up the 
compass staff perpendicularly, at the beginning of the 
line, and placing the compass on the staff, adjust it to 
a horizontal position ; the ball and socket admitting a 
motion for that purpose. This position can be deter- 
mined with sufficient accuracy, by observing whether, 
when the compass is turned round, the ends of the 
needle remdn at the same height above the face of the 
instrumeht. 

2. Turn the compass round so as to bring the south 
end of it towards the stake at the far end of the line. 
Then applying the eye to the sight at the north end, 
move the compass gently round till the stake can be 
seen through the fine sUts in both sights, and let it re- 
main in this position. 

3. When the needle has settled, observe the number 
of degrees and parts of a degree, that are intercepted 
between the south end of the needle and the nordi or 
south point of the compass, to whichever it is nearest ; 
which will be the bearing, reckoning it irom that point, 
towards the east if the south end of the needle is to the 
right hand, but towards the west if it is to the left hand. 

Note 1. — ^The bearing thus obtained may be, and 

should be, verified by going to the far end of the line, 
8» M 
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and from thence taking the bearing to the first end , 
which, if both bearings are correct will be the reverse 
of the former. 

Note 2. — ^When there is a fence on the side, or other 
obstacle in the way, preventing the stake at one end 
from being seen through the compass sights at the other 
end, the bearing may be obtained by setting up the 
compass and stake at small equal distances to the right 
or left, so that the hne joining them may be parallel to 
&e side. « 

Note 3. — ^The method of obtaining the bearing between 
two stations when there are obstacles in the way, which 
also prevent a parallel bearing being readily taken, or 
when the stations are too distant to be seen from each 
other, will be noticed in the next chapter. 

PROBLEM VI. 

To measure the distance of a line. 

For convenience in marking the termination of the 
chain in measuring, ten iron pins should be provided, 
about a foot in length, and terminated at top by a small 
ring, to which a piece of red flannel or other conspicu- 
ous substance should be tied, in order that the pins may 
be readily found, when set up among high grass or in 
other situations where they would not otherwise be 
easily discovered. 

Let the person who is to go foremost in carrying the 
chain, take nine of the pins in his left hand, and one end 
of the chain and the other pin in his right hand ; then be 
moving on in the direction of the hne, let another person 
take the other end of the chain and hold it at the begin- 
ning of the line. When the leader has moved on till the 
chain is stretched tights he must set down the pin^ per- 
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pendicularly, exactly at the end of the chain, the hinder 
chain-man taking care that the chain is in the directicm 
of the hne ; which is readily determined by observing 
whether it is in a range with a stake previously set up 
at the far end of the line. When the leader has not his 
end of the chain in the direction of the line, the hinder 
chain-man can direct him which way to moye, by a mo- 
tion of his left hand. When the distance of one chain 
or half chain* has been thus determined, the carriers, 
taking hold of the two ends of the chain, move on fill 
the hinder one comes to the pin which was set up by the 
other ; then the chain being stretched, the person at the 
fore end of it sets up another pin as before ; the hinder 
chain-man then taking up the pin at his end, they proceed 
to a third distance of the chain ; and so on. When the 
person at the fore end of the chain has set up all his 
pins, he still moves on another length of the chain, 
and then setting his foot on it to keep it in. place, he 
cries ^ out.^^ The hinder chain man then comes forward, 
and counts to him the ten pins ; and he setting up one 
of them at the end of the chain, again moves on, drag- 
ging the chain after him, till he is checked by the hinder 
chain-man, who, getting the hind end of the chain, appUes 
it as before to the pin set up. The number of outs 
should be carefully noticed ; each cfut being ten chains, 
when a four-pole chain is used, but only five, when the 
measuring is done, with a two-pole chain. When arri- 
ved at the end of the line, the number of pins, which the 
one at the fore end of the chain has set up since the last 
ottf , and the number of Unks from the last pin to the end 
<tf the line, must be carefully noted. From these, and 



* When a two-pole chain 10 oied, one len^ of it may pioperljr bo calM 
■ half chain. 
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the number of ouisj the distance measured is readily 
determined. 

All slant or inclined surfaces, as the sides of a hill, 
should be measured horizontally, and not on the plane or 
surface of the hill. To effect this, the hind*end of the 
chain, in ascending a hill, should be raised from the 
ground till it is on a level with the fore end, and, by 
means of a plummet and line, or when the hill is not very 
steep, by estimation, should be held perpendicularly above 
the termination of the preceding chain. In descending 
a hiD, the fore end of the chain should be raised in the 
same manner, and the plummet being suspended from it 
will show the commencement of the succeeding chain. 

PROBLEM Vn. 

To protract a Survey ^ having the bearings and distances 

of the sides given* 

The method of doing this will be best understood by 
an example. Thus, 

Suppose the following field-notes to be given, it is re 

quired to protract the survey. 

Ch. 

1.N.50^ E. 9.60 

2. S. 32^ E. 16.38 

3. S. 4V W. 6.30 

4. West 8.43 

5. N. 79° W. 10.92 

6. N. 5** E. 11.25 

7. S. 83' E. 6;48 

Method 1st. 

Draw NS, Fig. 75, to represent a meridian line; then 
N standing for the north and S for the south, the east 
will be to the right hand and the west to the lefl. In 
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NS take any convenient point as A for the place of be- 
ginning, and apply the straight edge of the protractor 
to the line, with the centre to the point A, and the arch 
turned towards the east, because the first bearing is 
easterly ; then holding the protractor in this position, 
prick off 50^ the first bearing, from the north cnd« be- 
cause the bearing is firom the north ; through this point 
and the point A, draw the line AB on which lay 9.60 
chains, the first distance firom A to B. Now apply the 
centre of the protractor to the point B, with the arch 
turned toward the east, because the second bearing is 
easterly, and move it till the line AB produced, cuts the 
first bearing 50°; the« straight edge of the protractor will 
then be parallel to the meridian NS ; hold it in this po- 
sition, and firom the south end prick off the second bear- 
ing 32''; draw BC and on it lay the second distance 
16.38 chains. Proceed in the same manner at each 
station, observing always, previous to pricking off the 
succeeding bearing, to have the arch of the protractor 
turned easterly or westerly according to that bearing, 
and to have its straight edge parallel to the meridian ; 
this last may always be done by applying the centre to 
the station point, and making the preceding distance line 
produced if necessary, cut the degrees of the preceding 
bearing. It may also be done by drawing a straight 
line through each station, parallel to the first meri- 
dian. 

When the survey is correct, and the protraction accu- 
rately performed, the end of the last distance will fall on 
the place of beginning. 

Method Sod. 

With the chord of 60° describe the circle NESW, Fig. 
76, and draw the diameter NS. Take the several bear- 
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inga irom the line of chords^ and lay them off on the cir- 
cumference from N or S according as the bearing is 
northerly or southerly, and towards E or W according 
as it is easterly or westerly, and number them 1, 2, 3, 4, 
&c. as in the figure. From A the centre of the circle, to 1 
draw A 1, on which lay the first distance from A to B ; 
parallel to A 2 draw BC, on which lay the seccmd dis- 
tance from B to C : parallel to A 3 draw CD, on which 
lay the third distance from C to D ; proceed in the same 
manner with the other bearings and distanced. 

EXAMPLE 2. 

The following field notes are given, to protract the 
survey. 

Ch, 

!• N. 15^ (Xy E. 20 

2. N. 3T 3(y E. 10 

3. East 7.50 

4. S. iroa R 12.50 

5. South 13.50 

6. West 10. 

7. S.36*'3aW. 10. 

8. N.38n5'W. 8.50 

PROBLEM Vra. C 

The bearing of two lines from the same station heijiggiven^ 
to find the angle contained between them. 

RUIJB. 

When they run from the saws point of the compass, 
towards the same point, subtract the less from the 
greater. 

When they run from the same point, towards different 
points, add them together. 
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When they run lErom differeKd points, towards the 
w,me point, odd them together, and take the supplement 
of the sum. 

When they run from afferent points, towards d^erent 
points, subtract the less from the greater, and take the 
aufplement of the remainder. 

Note. — ^When the bearing of one of the lines is given 
towards the station, instead of from it, take the reverse 
bearing of such Une ; the angle may then be found by 
the above rule. 

BXAMFLBS. 

1. Given the bearing of the line AB, Fig. 67, N. 34° 
E., and AD, N. 58° K ; required the angle A. 

AD, N. 58° E. 
AB, N. 34° E. 



Angle A=2r 

2. Given the bearing of BA, Fig. 57, S. 34° W., and 
6C, & 35° E. ; required the angle B. Ans. B=:69° 

3. Given the bearing of BC, Fig. 67, S. 35° E., and 
CD, S. 87° W.; required the angle C. Ans. 58°. 

4. Given the bearing of DC, Fig. 67, N. ST E., and 
DA, S. 58° W. ; reqmred the angle D. Am. 151°. 



1 
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PROBLEM K. 

To change the bearings of the sides of a survey in a cor' 
responding manner^ so that any particular one of them 
may become a Meridian. 

RULB. 

Subtract the bearing of the side that is to be made a 
meridian, from tliose bearings that are between the same 
points that it is, and also from those that are between 
points directly opposite to them. If it is greater than 
either of the bearings from which it is to be subtracted, 
take the difference, and change E. to W., or W, to K 

Add the bearing of the side which is to be made a 
meridian, to those bearings which are neither between 
the same points that it is, nor between the points that 
are directly opposite to them. If either of the sums ex- 
ceeds 90^ take the supplement and change N. to S., or 
S. to N.'* 

Note. — ^When the bearings of some, or all, of the sides 
of a survey have been thuj changed, and by calculation 
the changed bearing of another side or line has been 

* The changing of the bearings so as to make a given side become a me* 
ridian, may be illustrated by means of a protracted survey. If a protracted 
survey or plot is held horizontally, with the meridian in a north and south di- 
rection, the north end being towards the north, the bearing^ of the sides of 
the plot will then correspond with the bearings of the sides of the survey. If 
then, keeping the paper horizontal, it be turned round till any particular side 
of the plot has a north and south direction, or becomes a meridian, the beai^ 
ingB of all the other sides of the plot will have been changed by a like quan- 
tity. But it is evident, that neither the relation of the different parts of the 
plot to one another, the area nor the lengths of the sides will have been 
altered by this change. It may be here observed, that some calculations in 
sarvcying are considerably shortened by changing the bearings so as to make 
a certain side become a meridian. The method was communicated to me 
by Robert Patterson, late Profeesor tf Mathematics and Natural Philosophy 
in the University of Pennsylvanta. 
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found, its true bearing will be obtained by applying to 
the changed bearing, the bearing of the side which was 
made a meridian, in a contrary mann^ to what is di- 
rected in the rule ; that is, by adding in the case in which 
the rule directs to subtract, and by subtracting in the 
case in which it directs to add. 

BXAUPLES. 

1. Given the bearings of the sides of a survey as fol- 
low J Ist. S. 45i» W. ; 2d. N. 50° W. , 3d. North ; 4tL 
N. 85° E. ; 5th. S. 4r R j 6th. S. 20J° W. ; and 7th. N. 
51i° W. Required the changed bearings, so that the 
5th side may be a meridian. 

Ist. S. 45i» W. 

47 

92i 
180 



chang. bear. N. 874° W 

3d. N. 50° W. 

47 



chang. bear. N. 3° W. 

3d N.O°E. 

47 



hang. bear. N. 47 E. 

4th. ^. 85° E. 

47 

132 
180 



chang. bear. S. 48 E. 

N 
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5tli. side, dumged bearii^, South. 

6th. & fM" W. 

47 



chang. bear. S. 67i 

7th. N. 5r W. 

47 



chang bear. N. 4iW. 

2. Given the foUowing bearings of the sides of a sur^ 
reyj lst.S.40i°R; 2d. N.54°E.; 3d.N.29*"E.j 4th. 
N. 28»° E.; 5th. N. 5r W.j and 6th.S. 4r W.j tofind 
the changed bearings so that the 2d. side may be a me* 
ridian. Jns, 1st. N. 85** E.; 2d. North; 3d. N. 241' W. , 
4tL N. 25i» W.; 5th. S. 69" W.; 6th. S. r K 

3. Given the bearings as in the 1st. example ; viz. Ist. 
S.45i"W.; 2d.N.5(rW.} 3d.Northj 4th. N. 85° E. j 
5th. S. 4r R ; «th. S. 20i° W ; 7th. N. 51i° W. ; to find 
the changed bearings so that the 6th side may be a me- 
ridian. ^n«. lst.S.25°W.; 2d. N. 704" W. ; 3d. N. 
2W W. ; 4th N. 64i° E.$ 5th. S. 67*" E. j 6th. South ; 
7th. N. 711° W. 

PROBLEM X. 

# 

Of the bearing J Distance^ Difference of Latitude and De^ 
parture^ any two being gvoen^ tofind the other two. 

BULB* 

When the bearing and distance are given. 

Am Rad. : cos. of bearing ; : distance : dif. of latitude. 
Rad. : sin. of bearing ? : distance : departure. 
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When the hearing and'differenm qfUilfyuie are giwn. 

ks fiad. : sec. of beariog : : difilkt :distance. 
Rad. : tang, of bearing : : diff. lat. : d^Murtore. 

Whmi^9hep4^g^9^ 

As Rad. :.CQ8ec of j[)earipg : :.depprture : distance. 
Rad. :cotang. of bearing : : departtire : diff. lat. 

When^ the dijference ^ hHtude. and the departure are given. 

As diff. lat. : departure : : rad. : tang, of bearing* 
Rad. : sec. of bearing : : diff. lat. : distance. 

When the disfanee and difference tf latitude are given. 



As Diff. lat. : distance : : rad. : sec. of bearing* 
Rad. : tang, of bearing : : <Mff lat : departqre. 

When the tUstanoe and dqxature are given. 

As Distance : departure : :.iad. :jiin. of bearing. 
Rad. : cos. of bearing : : distance : difil lat 

iV«M:-^ItiaeTideht the above proportions are the solu- 
tions of a right-angled triangle, haying for its sides the 
distance, difference of latitude, and departure. 

t 

■ZAXTLBS. 

1. Given the bearing of a line, N. 53^ 2ff R, distance 
13.25 ch. ; to find the difference of latitude and the de- 
parture. Jns. Diff. lat 7.91 N. : dep. 10.63 E. 

7 
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2. Given the bearing of a line, S. 32° 30* EL, and the 
departure 10.96 ch. to find the distance and difference 
of latitude. An$. Dist. 20.40 ch. ; diff. kt 17.20 S. 

3. 'Given the distance of a line, running between the 
north and east, 44 ch. and its difference of latitude. 34.43 
ch. ; to find the bearing and departure. 

Am. Bearing, N. 38^ 3(y E. ; dep. 27.39 ch. K 

4. The bearing of a line S. 32^ 30" R, and the differ- 
ence of latitude 17.21 ch. being given, to find the dis- 
tance and departure. Ans. Dist. 20.41 ch.; dep. 10.96 R 

5. Given the difference of latitude of a line 27.92 N., 
and the departure 5.32 E. ; to find the bearing and dis- 
tance. Ans. Bearing, N. 10"" 47 R ; dist 28.42. 

6. The distance of a line, running between the north 
and west, is 35.35 ch., and its departure 15.08 ch«, re- 
quired the bearing and difference of latitude. 

Ans. Bearing N. 25' 15' W.j diff. lat 31.97 N. 

PROBLEM XI. 

To find the difference of latitude and departure corresponds 
ing to any given hearing and distance, by means of the 
TVaverse Table. 

BULB. ^ 

When the distance is any number of whole chains or 

perches, not exceeding 100. 

Find the given bearing at the <()p or iotfom df the taUe, 
according as it is /bss or mare than 45''. Then against 
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the given distance, found in the column of distances at 
the side of the table, and under or over the given bearing, 
is the diflference of latitude and departure ; which must 
be taken as marked at the top of the table, when the 
bearing is at the top; but as marked at the bottom* 
when the bearing is at the bottom. 

When the distance is a number of whole chains or perchesj 

exceeding 100. 

Separate the distance into parts that shall not exceed 
100 each; and find, as before, the difference of latitude 
and departure, corresponding to the given bearing and 
to each of those parts ; the sums of these will be the dif- 
ference of latitude and departure required. 

When the distance is expressed £y chains or perches and 

the decimal of a chain or perch. 

Find, as above, the difference of latitude and departure 
corresponding to the given bearing and to the whole 
chain or perches. Then considering fie decimal part 
as a whole number, find the difference of latitude and de- 
parture corresponding to it, and remove the decimal 
point in each of them, two figures to the left hand if there . 
are two decimal figures in the distance, or one figure to 
the left if there is but one; then these added to the 
former will give the difference of latitude and departure 
required. 

Note. When the number of whole chains or perches 

is less than 10, and the second decimal figure is a cipher^ 

the difference of latitude and departure may be taken 

out at once, by considering the mixed number, rejecting 
9» 
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# 

the cipher, as a whole number. The difierence of }ati^ 
tude and departure thils found, Aiust have die decimal 
pomt in each, removed one %ure to the left hand. 



BXAMPLBS. 



1. Given the bearing of a line S. 351'' E., dist. 79 ch. ; 
required the difference of latitude and departure by the 
traverse table. Ans. Diff. lat 64.51 S. ; dep. 45.59 E. 

2. A line bears N. 20i° R, 117 ch. ; required the dif- 
ference of latitude and the departure. 

IMst 100, ^es diff. lat. 93.67 and dep. 35.02 
17 - — 15.92 5.95 



Whole dist. 117 diff. hit 109.5i» N. dep. 40^97 fi. 

3. Required the difference of latitude and the de- 
parture of a line wUch bears, S. 411° W., 57.36 di. 

Dist 57.00 gives diff. lat. 42.53 and dep.'37.96 
36 .27 J24 



Whole dist 57.36 diff. lat 42.80 S. dep. 38.20 W. 

4. Required the difference of latitude and departure 
of a line which bfeirs, N. 72" W., 124.37 ch. 

Dist 100.0 gives diff. lat 30J90 and dep. 95.11 

24.00 7.42 22.83 

.37 .11 .35 



Whole dist 124.37 diff. lat 38.43 N. dep. 118.29 W. 
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5* Given the bearing and distance of a line, N. 39i*^ 
W. 15J20 chn to find its diJEference of latitude and de- 
parture. Ana. Diff. lat. 11.72 N^, and dep. 9.67 W. 



6. The bearing and distance of a line axe N. 46^ E., 
27.25 ch. ; required its difference of latitude and de* 
Iiarture. Ans. Diff. lat. 18.93 N. and dep. 19.60 E, 

7. Tbe bearing and distance of a line are S. 37^® W., 
137.50 ch. ; required its difference of latitude and de- 
parture. Ans. Diff. lat. 109.45 S., and dep. 83.23 W. 

8. Required the difference of latitude and departure 
of a line, whose bearing and distance are S. 6i^ E., 
5.60 ch. Ans. Diff. lat. 5.56 S., and dep. 0.63 E. 

PROBLEM Xn. 

Given the bearings and distances of all the sides of a tract 
of land to obtain the corrected buitudes and departures. 

BULB. • 

1. Rule a table as in the annexed examjJe, in the first 
vertical column of which, place the letters designating 
the sides, or the numbers denoting the stations at the be? 
ginning of each side ; in the second cohunn, place die 
bearings ; and, in the third, the distances* 

2. Find, by the last problem, the difference of latitude 
and die departure, corresponding to each side, amd place 
them in the next four columns, under their proper heads 
of N. or S., E. or W. Add up the northings and south- 
ings; and if the sums are not equal, find their difference j 
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which wiD be the error of the survey in difference of 
latitude ; which call by the Bame name as the least Buxor 
Proceed in the same manner with the eastings and west* 
ings, and find the error in departure. Also add up the 
column of distances. Then it wiU be. 

As the sum of the distances, 
Is to any particular distance, 
So is the error in latitude or departure 
To the correction of latitude or departure^ correspond* 
ing to that distance. 

3. Find, by the above proportion, the corrections of 
latitude and departure corresponding to all the sides, 
calculating them to the nearest two decimal figures, and 
place them in the next two colunms, heading them with 
the same names as the errors in latitude and departure. 
If the sums of these corrections, are not respectively 
equal to the errors in latitude and departure, which, in 
consequence of the fractions neglected, will sometimes 
be the case, alter some of them by a unit in the second 
decimal figure, to make them so. 

4. Apply these corrections to their corresponding dif- 
ferences of latitude and departures, by adding when of 
the same name, but by subtracting when of differejut 
names, and the corrected differences of latitude and de- 
partures wiU be obtained ; which may be placed in the 
four succeeding columns. 

In these the sums of the northings and southings wiQ 
be equal, and also those of the eastings and westings.* 



* The direetioiitgiTeii in the rale, fbr cmtec^ang the errara in diflSsrenee 
of ktitude and departure^ are deduced from the rale girenand demoiMtrated 
in No. 4» of a periodical work, called the Analyst, by Nathaniel BmoiUck^ 
A. M., and also by the editor, Profetwr Adram, The demonstration is too 
long, and not of a nature Ibr insertion here. 
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Note 1. — ^In the proportion for finding the correction of 
the latitude or departure, the decimal parts of the sum 
of the distances and of the particular distance may be 
omitted, taking, in each case, the nearest number of whole 
chains. 

2. T}ie corrections may be firequently estimated with 
sufficient accuracy without the trouble of working out 
the proportions. 

3. When one or two of the sides are hilly, or when 
there are other difficulties in the way of obtaining their 
bearing or distances with accuracy, it is better to allow 
a considerable part of the errors, on the latitudes and de- 
partures corresponding to them, and afterwards to ap* 
portion the remaining part among the others. 

I EXAMPLBS. 

1. Given the bearings and distances of the sides of a 
tract of land as follow : 1st. S. 40i'' E. 31.80 ch. ; 2nd. 
N. 54^ E. 2.08 ch.; 3rd. N. 29*^ E. 2.21 ch.; 4th. N. 
28r E. 35.35 ch. ; 5th. N. 5r W. 21.10 ch.; 6th. S. 4r 
W. 31.30 ch. Required the corrected differences of 
latitude and departures* 



1 
s 

8 

4 
5 


Coonv. 


Dist 
Ch., 


N.L. 


aL. 


E.B. 


w.n. 


Cor. 
8. 


Cor. 
E. 


N.L. 


aL. 


E.D. 


WJ). 


&40|£. 


31.80 




24.18 


20.65 




.03 


.05 




24.21 


20.70 




N.54E. 


2.08 


1.23 




1.68 




.00 


.00 


1.28 




1.68 




N.29iE. 


2.21 


1.02 




1.08 




.00 


.00 


1.92 




1.08 




N.S8i£. 


85JI5 


31.00 




17.00 




.04 


.05 


30.96 




17.05 


• 


N. 67W. 


21.10 


11.49 






17.60 


.02 


.03 


11.47 






17.66 
22.85 


8.47. W. 


31.30 




21.34 




22.80 


.03 


.04 
.17 




21.37 




1 




128.84 


45.64 
45.52 


A6M 


40.41 


40.58 
40.41 


.12 


45.58 


45.58 


40.51 


40J(] 



12Er.a 



•17 Br. E. 
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Asl24: 87:: .12:.0S Aa 134 : 83 : : .17 : .04 or jOdf* 

. 134 : 3 :: .13 : .00 134 : 3 : : .17 : .00 

34 : 85 :: .13 : .03or.64 134 : 35 : : .17 : .05 

l!24 : 31 : : .13 : .03 134 : 31 : : .17 : .08 

I 134 : 81 :: .13 : .08 134 : 81 :: J7 : .04 

2. Given the bearings and distances of the sid^s of a 

tract of land as follow : 1st. N. 75" E. 13.70 ch. ; 2d. 

K. 2M E. 10.30 ch.; 3d. East 16.20 ch. ; 4tk S. SSi" 

W. 35.30 ch. J 5th. S. 76 W. 16 ch. ; 6th. North 9 ch. ; 

7thi S. 84° W. 11.60 ch.; 8th. N. 53i° W. 11.60 ch. ; 

9th. N. 36*° E. 19.36 ch.; 10th. N. 22i° E. 14 ch. ; 11th. 

S. 761° E. 12 di.; 12th. S. 15° W. 10.85 ch. ; l3th. S. 

18° W. 10.62 ch. ; to the place of beginning. Required 

the corrected latitudes and departures. 

Am. 1st. 3.56 N. 13.26 E. ; 2d. 9.66 N. 3.62 E. ; 
3d. 0.02 N. 16.22 E. ; 4th. 29.39 S. 19.44 
W.; 5th. 3.85 S. 15.50 W. ; 6th. 9.01 N., 
0,01 E. ; 7th. 1.19 S. 11.52 W. ; 8th. 6.96 
N. 9.27 W. ; 9th. 15.54 N. 11.61 E. ; ItHh. 
12.95 N. 5.38 E. ; llth. 2.73 S. 11.70 R ; 
12th. 10.46 S. 2180 W. ; 13th» 10,08 S, 
3.27 W. 

-T ' ^ 

* When, M in thfa «»e,tiieeo i ie cU ii n » fbnai to be newly midwmy b»< 
ttreen two ninnben, Hie best to note Aembotlb Then, if in uaing th4 one 
doct ti ocwrast to the trae valve, the wwt of the eorrectionadoee not eqntl 
the wbofo error, the other riionld be taken. 



1 
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CHAPTER n. 

On supplying omissions in the dimensions (^a sup>ey. 

When the bearings and distances of all the sides of a 
survey are known, except one bearing and one distance, 
or two bearings, or two distances, these can be obtained 
by calculation, provided those that are Imovni can be 
depended on, as sufficiently accurate. This may some- 
times be necessary vvhen there are obstacles in the way. 
of obtaining one or two of the bearings or distances; or 
when, after they have all been taken on the ground, the 
notes of one or two of them happen to be oUiterated» 
As, however a bearing, or distance thus obtained, must 
be affected, by any error or* errors that may have been 
made in taking the others, it is better, when practicable^ 
to have the bearings and distances of all the sides, as 
taken on the ground. 

PROBLEM I. 

9 

The hearings and distances of all the sides of a tract of 
land, except the hearing and distance of one side, being 
given, lofnd these. 

Find by prob. 11, of fhe pr^eding chapter, the differ- 
ences of latitude and the departures for die sides whose 
bearings and distances are given, and place them in 
their proper colunms in a table ruled for the purpose : 
Add up the northings and southings, and taking the diS- 



r 
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ference of their sums, place it , opposite the uiikno\ra 
side, in the column whose sum is the least The sums 
of the two columns will then be equal. This is called 
balancing the latitudes. Do the same with the eastings 
and westings. The two numbers inserted to make the 
latitudes and the departures balance, will be the differ- 
ence of latitude and the departure of the unknown side ; 
with which its bearing and distance may be found, by 
prob. 10, of the preceding chapter. 

Note 1. — ^By the application of this rule, the bearing 
and distance of a line joining two comers or stations, 
may be found, when there are obstacles in the way which 
prevent our going directly from one comer to the other, 
or when one cannot be seen from the other. To do this, 
let one or two, or more stations, if necessary, be taken 
out of the line, and take the bearing and distance from 
the first comer to the first assumed station ; from this 
station to the second ; and so on, to the second comer. 
Then considering these bearings and distances, as the 
bearings and distances of the sides of a survey, the re- 
quired bearing and distance of the line may be found by 
the above rale. The bearing thus found must be rat^er^- 
ed^ in order to have the bearing firom the first comer to 
the second 

2. In the same way the bearing and distance of a 
straight road to run between two given places, may be 
found, by taking the several bearings and distances of 
the old road if there is one ; or of tmes joining assumed 
stations and extending firom one of the places to the other. 

BXAMPLBS. 

1. The bearings and distances of the side of a tract of 
land, except the bearing and distance of one side which 
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axe not known, are as in the following field-notes ; re 
quired the unknown bearing and distance. 



Chaiba. 

1. S. 45°i W, 15.16 

2. N. 50° W. 22.10 

3. North 18.83 

4. N. 85' E. 35.65 



GuiaM. 

5. 

6. S. 20J W°. 23.80 

7. N. 5U W°. 26.47 

1 



8U. 
1 

2 
3 
4 
5 
6 


Beuingf. 


Dist 


. N. 


a 


E. 


w. 


S.454W. 


15.16 




10.62 




10.81 


N. 50 W. 


22.10 


14.20 


» 




16.93 


North 


18.83 


18.83 








N.85K 


35.65 


3.11 




35.52 










(19.79) 


(21.20) 




S.20iW. 


23.80 




22.29 




8.33 


7 


N. 5U W. 


26.47 


16.56 




k 


20.65 






52.70 


52.70 


56.72 


56.72 



As difil of lat. 
: dep. 
rad. 



19.79 S. 
21.20 K 






At. Co. 8.70355 

- - - .1.32674 

- - - 10.00000 



: tang. bear. S. 4r R - - - 10.03029 



As rad. - - - - 
: Bee. bearing 47** - 
: • difil lat 19.79 



- - 10.00000 
. - 10.16622 
. . 1.29645 



: diet - - 29.02 - - - - 1.46267 

^ln».S.4rR 29.02 ch. 



« > 
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2. Given the beanngs and' distances of the sides of a 
tract of land, as follow: 1st. N. 151 W. 9«40ch.;. 2d N. 
63} E. 10.43 ch. ; 3d. S. 49° E. 8.12 ch. ; 4th. S. 13i E. 
8.45 ch. ; 5th. S. 16} E. 6.44 ch. ; 6th. Unknown ; 7th. N. 
60° W. 9.72 ch. J 8th. N. 17* E. 7.65 ch.; required the 
bearing and distance of the 6th. side. 

Am. S. 60" 8*^^. 12;27 ch. 

3. One side of a tract of land of which a survey is to 
be taken, passes through a pond. Two stations are 
therefore taken cm one side of the pond as represented 
in Fig. 80. The bearings and distances from the first 
end of the side to the first station, firom that to the second, 
and thence to the other end of the side are ; list. S. 
52^ W. 10.70 ch. J 2d. S. 7i** W. 13.92 ch. ; and 3d. S. 
34^ £• 9 ch. Required the bearing and distance of the 
side. Ans. & 10^ 33' W. 28.31 ch. 

4. Given the bearings end distances of an old road, 
running between two places, as follow ; 1st. S. 10* E. 
92.20 ch.- 2d. S. 15^ W. 120.50 ch.; 3d. S. 184 W. 
205. ch. ; 4tlu S. 71i £• 68 clu Required the bearing 
and distance of a straight road, that shall connect the 
two places. Am. S. 2^ S' W. 423.47 ch. 

PROBLEM n. 

Gtpen all the hearings and distances of the sides of a suf 
vej/j except the .distances of two sides^ to find these. 

By prob. 9, of the preceding chapter, change all the 
given bearings, in a corresponding manner, so that one 
of the sides whose bearings only are given, may beqome 
a meridian. With the changed bearings and. given dis- 
tances find the corresponding diflferences of latitude, and 
the departures. Add up the eastings and westings, 
aoid take the difference of their sums, which will be the 
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departure of that unknown side, which is not made a me- 
ridian. W)th this departure and die changed bearing, 
find by prob. 10, of the preceding chapter, the distance 
and difference of latitude of this side, which place in 
their proper columns. Now add up the northings and 
southings, and tc^e their difference, which will be the 
distance o(the side made a meridian.* 



EXAMPLES. 



Given the following bearings and distances of the 
sides of a survey ; 1st. S. 45J W. 15.16 ch. ; 2d. N. 50*" 
W. 22.10 ch. ; 3d. North 18.83 ch. j 4th. N. 85^ R 3^.65 
eh.; 5th. S. 47** E. dist unknown; 6th. S. 20i W. dist 
anknown ; 7th. N. 51i W. 26.47 ch. to the jdace of be- 
ginning. Required the unknown distances. 



» 



Sta. 
1 
2 
8 
4 


Beazingf. 


Gkatgad 
bearingi. 


Dist. 


N. 


8. 


E. 


W. 


S.45JOW. 


N. 871<^ W. 


15.16 


0.66 






15.15 


N. 60 W. 


N.8W. 


22.10 


22.07 






1.16 


North 


N.47E. 


laes 


12.65 


■ 


ia77 




N. 85E. 


a4d£. 


85.65 




28.85 


2649 




5 


S. 47E. 


South 


(29.02) 




(29.02) 






6 

7 


S.20}W. 


a67JW. 


(23.80) 




(9.11) 




(21.99) 


N. 51^ W. 


N.4iW. 


26.47 


26.40 






1.96 










ki.«e| 


61.98 


ko.26 


4a26 



•«• 



* The reuoQ of the rule is obnous. For as the side made a ^^eridiaii has 
BO departure^ the difference of the sums of the departurls, must be the de- 
parture of the other unknown side. And -when the difference of latitude of 
this side has been ibond and [daoed in its proper situationt the difference of 
the soms of the latitudes must evidently be the difference of latitude of the 
side made a meridian ; or which, in. this Csse, is the same thing, its distanee. 
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Asrad. 10.00000 

: cosec. chang. bearing 67i° - - 10.03438 
:: dep. 21.99 1.34223 

: Dist 6th side - - 23.80 - 1.37661 

Asrad.-- 10.00000 

: cotang. chang. bearing 671 - - 4 9.61722 
: : dep. - ■ - - - - 21.99 - 1.34223 

: difC lat. 6th. side • - 9.11 - 0.95945 
Ans. 5th. side 29.02 ch. and 6th. side 23.80 ch. 

^ Given the bearings and distances of a tract of land 
as 'follow : 1st. S. 40i E. 31.80 ch. ; 2d. N. 54° R dist. 
unknown ; 3d. N. 291 E. 2J21 ch. ; 4th. N. 281 R 35.35 
ch. ; 5th. N. 57° W. dist unknown ; 6th. S. AT W. 31.30 
du ; to the place of beginning. Required the distances 
of the 2d. dnd 5th. sides. 

Ans, 2d. side. 2.08 ch. and 5th. side 20.90 cL 

PROBLEM in. 

Given the hearings and distances ofaU the sides of a sur 
vet/ except two; one of which has only its bearing given^ 
and the other , tie distance and the points of the compass 
between which it runs ; to find the unknown bearing and 
distance* 

As in the last problem^ change all the given bearings, 
80 that the side whose bearing only is given, may be- 
come if meridian. Find the differences of latitude and 
the departures, corresponding to the changed bearings 
and the given distances. Take the difference of the 
sums of the eastings and westings, which will be the de- 
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parture of the side whose bearing is not given. With 
the given distance and this departure, find, by chap. 1. 
prob. 10. the changed bearing and difference of latitude, 
and place them in their proper columns. From the 
changed bearing, the true bearing may be readily found 
by note to prob. 9. chap. 1. L«a8tly, take the difference 
of the sums of the northings and southings, and it will 
be the distance of the side, changed to a meridian. 

Note. — ^lUe changed bearing as found by the rule, 
must be reckoned from the norths or the smdh point of 
the compass, according as the one, or the other, will ren- 
der the true bearing when found from it, conformable to 
the given points. The point from which th^ changed 
bearing must be reckoned determines also the column in 
which the difference of latitude must be placed. Some- 
times the changed bearing when reckoned from either 
north or south, will render the true bearing conformable 
to the given points. In such cases, there are two diSer- 
ent bearings and distances that wiU answer the condi- 
tions of the problem ; and we can only know which of 
them is the right one by previously knowing the required 
bearing nearly. 

HXAMPLBS. 

1. Given (he bearings and distances of a survey as fol- 
low: 1st. S. unknown W. 15.16 ch.j 2d. N. 50^ W. 
22.10 ch. J 3d. N. 18.83 ch. ; 4th. N. 85^ E. 35.65 ch. ; 
5th. &. 4T E. 29.02 ch.; 6th. S. 20j W. dist. unknown , 
7th. N. 5U'' W. 26.47 ch. Reqmred the unknown bear- 
ing and distance. 

io» , P 
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Sta. 
1 
2 
8 
4 
5 
6 


• 

Beaxingi. 


boftriDgi. 


Diit 


•K. 


fi. ■' 


E. 


w. 


a (450 380 W. 


(a 250 fl^ WO 


mi6 




ia78 




(6.43) 


N. 50 W. 


N. 70J W. 


22.10 


7.37 






20.88 


North 

• 


N.80JW. 


UM^ 


17M 






|040 


N. 85E. 


N.Q4iE. 


85:65 


15.35 




82.18 




8. 47 E. 


S.67iE. 


.89i)2; 


• 


11,11 


26.ai 




&»JW. , 


8oiM2l 


(».81) 




c^asi) 






7 


N. 514 W. 


N.71fW. 


28.47 


as0 






2&14 










48.85 


48.65 


5a99 


58.90 



As dist. Ist, side 15.16 
; dep. do. 6,43 

: : rad, ------ 



At. Co. 8.81930 

0.80821 

- - 10.00000 






8m.chan.bear.S5'*6' - - - 9.62751 



As rad. -------- 

: COS. chang. bearing 25"- 6' - 
: : dist. 15.16 - 



-10.00000 

- 9.95692 

- 1.18070 



: diff. lat. - - - - 13.73 - - 1.13762 
Am. Ist & 45°-36' W. ; 6th. 23.61 ch. 



'2. Giren the following bearii^ and distances of a 
survey : Ist. S, 40i<* <E. 31;80 ch.; 2d. N. 54° R dist 
tmknoum %d. N.'29i*^ E. 2.21 ch. ; 4th. N. wUnwion E. 
35.35 ch.; 5th. N. 57" W. 20.90 ch.; 6th. S.'4r W. 
31.30 di. ; to place of beginiung. Required the bearing 
of the 4th. side and distance of the 2d. side. 

Am, Bearing of 4th. side N. 28}" E.j dist of 2d. 
side, 2.09 ch. 



PROBLEM IV, 

(rtfwt ^U the iearmgs (mddistances rfthe sides of a tract- 
of bmd^ exo^ the bearings ijf two eidesj tojind theses 



BULB. 

1. fSnd the difference of latitude ajad the departure of 
each aide, whose heaiiog and distance are both given. 
Take the difference of the sums of the northings and 
southings of these sides, and also the deference of the 
sums of the eastings and westings. These differences 
will be the difference of latitude, aud Ihe departure of a 
line, which, with those sides, would form a closing survey; 
and which .oaay therefore be catted a closing line. 



2. With the difference of latitude and departure of 
the closing hne, find, by prob. 10. chap. 1, its bearing and 
distance. Take the closing line and the two sides whose 
bearings are not given, fi>r the three sides of a triangle, 
and calculate the .iwgl^ 

3. To the bearing of the closing line, apply, by addi* 
tionjor subtraction, as the case may require, the angle 
contained between it, aiid .t^ side which is the one 
coming first in the order of the survey ; and it will give 
the bearing of that side. Then to the reverse bearing 
of that side, apply in a proper manner, the angle con- 
tained between the two sides which are sides of the sur- 
vey, and it will give the bearing of die second of thoBO 
sides.* 



* It 18 easy to lee the reaton of the nile, hy coniideriiig that the two rides 
whoee bearingi are not |^veI^ being made to fiinn with the cloeiaif line^ tte 
8 
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EXAMPLBfiU 

i; Given the bearing and distances of the sides of a 
tract of land as follow : 1st. S. unknown W. 15.16 ch. ; 
3d. N. 50° W. 22.10 ch. ; 3d. North 18.83 ch. j 4th. N. 
85° E. 35.65 ch. ; 5th. S. unknoum R 29.02 ch. ; 6th S. 
20i° W. 23.80 ch. j and 7th. N. 51* W. 26.47. ch. Re- 
quired the unknown bearings. 



Sta. 
1 


BMiinga. 


Dut 


N. 


& 


E. 


w. 


s. w. 


15.16 


■' 








2 
3 
4 


N. 50° W. 


22.10 


14.20 






16.93 


North 


18.83 


18.83 








N.85E. 


35.65 


3.11 




35.52 




5 
6 


S. E. 


29.02 








* 


S.20JW. 


23.80 




22.29 




8.33 


7 


N. 5U W. 


26.47 


16.56 


p 




20.65 






52.70 


22.29 


35.52 


45.91 



22J29 
30.41 S. 



35.52 
10.39 EL 



■ides of a tnangle, the sum or difference of their difterenees of latitude, will 
necesBarlly be equal to the diflference of latitude of tbecloeiiigline ; and that, 
therefore, their diflbrenees of latitude will be euch as to make the rams of 
the northings and southings of the whole surrey equal ; and the same fi»r the 
departures. 
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Asdifillat. • - • 30.41 S. ~ Ar. Co. 8.51698 
: dep. - - - - 10.39 E. 1.01662 

:: wwL 10.00000 



: tang, of bear, of dos. line, S. 18° 52^ 



9.53360 



Asrad. lO.OOOOQ 

: diff.ht. 30.41 - - 1.48302 

:: sec. of bear, of clos. line - 18' 52* - 10.02398 



: diet of clos. line - > - 32.14 



1.50700 



Let DE, Fig. 78, represent the closing line, DF, the 

1st. side of the survey, and FE, the 5th. side. Then, 

DE 32.14 

DF 15.16 Ar. Co. 8.81930 

FE 29.02 8.53730 



2)76.32 



Half sum 38.16 



Remainder 6.02 

Cos. iF43»44' 



AsDE 
FE 






:: sin. F 



F87 28 

32.14 
29.02 
8r28' 



log. 1.58161 
— 0.77960 
2)19.71781 

9.85890 

Ar.Co. 8.49295 
1.46270 
9.99958 



sin. D 64' 26' 

DE, S. 18' 52* R 
Angle D 64 26 

1st side, S. 45 34 W. 



9.95523 

FD, N. 45' 34' E. 
Angle F 87 28 

133 2 
180 00 



5th. side, S. 46 58 E. 
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2. Given the bearings and distancee of the didee of a 
tract of land as foUow : Ist* S. unknown E. 31*80 ch.; 
2d. N. 54° E. 2.08 ch. ; 3d. N. 29i E. 2,21 ch. 4th. N. 
28r E. 35.35 ch. ; 5th. N. 5r W. 20.9io ch. ; and 6th. S. 
unknown W. 31.30 ch. to tiie place of beginning. R^ 
^ quired the unknoMTB bearings. 

An$. 1st. & 40° 2^ R; and 6th. S. 4T W. 



CHAPTER ffl. 
ProblefHtB for finding the Cont$nt of Land. 

When the sides of a survey are right lines, and all the 
bearings and distances are given, the area may be found 
by a problem that will be given in this chapter. If one 
or two of the bearings or distances are not known, they 
may be found by the problems in the last chapter. . Al- 
though the problem alluded to, is general, and may be 
applied whatever number of sides there may be, yet there 
are s<Hne particular rules for finding the areas of trian- 
gles and quadrilaterals, which ate often useful. These, 
and also ful^s for finding Ae areas of circles and ellipses 
are given in the first part of the chapter. 

When a part of the boundaiy of a tract of land, is 
irregular, as is frequently the case, if one or more of the 
sides are bounded by water, it is sometimes very trouble- 
sonie to take all the bearings and distances requisite to 
obtain the area with accuracy. In these cases, it is 
usual to run one or more straight lines, called stationary 
lines, near to such boundary, and so as to connect the 
straight codes of the survey. In measmring these sta- 
tionary lines, perpendicular distances are measured from 
them, to each bend in the irregular boundary. These 
perpendicidar distances are called off^sets. llie lengths 
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of the off-sets, and the distance of the foot of each, frcmi 
the eommencem^it of the stationary line, should be care- 
fiillj noted in the fidd book ; observing also that such a 
number of off-sets should be taken, that the part of the 
irregular .boundary intercepted between each adjacent 
two, may, withoutmaterial error, be considered a straight 
line. From these notes, the area or areas of the land 
contained between the stationary hue or lines, and the 
irregular boundary, may readily be calculated. This 
area added to the area enclosed by the stationary lines, 
and straight sides of the survey, when they are on the 
outside of the stationary lines, or subtracted from it, 
when on the inside, will give the area of the survey. 

In those cases m which water. is a boundary of a 
tract of land, if that water is a brook or rivulet, it is 
usual to consider a line running through its middle as 
tlie true boundary ; and the off-sets must be measured 
accordingly. When tide water is the boundary, the 
land is considered as extending to the Hne of laU) 
water mark* 

If the bearings of all the comers of a tract of land 
from two stations, taken either within or out of the tract 
are given, and also the bearing and distance of these 
stations from each other, the area may be calculated. 
It is however necessary, that the two stations should be 
so taken that they shall not be in a straight line, or veiy 
nearly in a straight line, with either of the comers of the 
land. This method of obtaining the area, though not 
practically so accurate as where the bearings and dis* 
tances of the sides are correctly given, may sometunes 

^ found useful 

» 

Some surveyors, in order to calculate the area of a 
survey, first protract it ; then dividing the plot into tri- 
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angles and trapeziums by lines joining opposite corners^ 
they measure with the scale and dividers, the lengths of 
such lines and perpendiculars as are requisite for calcu* 
lating the areas of these. The sum of the areas thus 
obtained, is the area of the survey. When tlje survey 
il9 carefully protracted, and proper attention is given to 
take the measures vnth the utmost precision, this method 
serves to give a near value of the content ; but is by 
no means to be depended on as equally accurate vdth 
the general problems mentioned above* 

The area of a field or small tract of land, the comers 
of which can be seen from one another, may readily be 
found by means of the chain only. To do this, the lengths 
of the sides must be measured, and also the length of 
diagonals joining opposite comers, so as to divide the 
field into triangles. Or instead of the diagonals, the dis- 
tances from some assumed point within the field, to the 
several comers, may be used. Having then all the sides 
of the several triangles, the area of each may be found ; 
and the sum of these areas vrill be the area of the.tract. 



PROBLEM I. 

To find the area <fa Parallelogram^ whether it be a Square^ 
a Rectangle^ a KhambuA, or a RJumhoides. 

BULB. 

Multiply the length by the height or perpendicular 
breadth, and the product will be the area.* 



* DBMomrrEATicm. Let ABCD (Fig. 68) be a rectangle; and let its length 
AB and CD, and its breadth AD and BC, be each divided into as many eqnal 
partBi as are expressed by the number of times they contain the lineal mea- 
taring unit ; and let all the opposite points of divioon be conneeted by riglK 



CBUkP* m.] OONTBNT OF LAND. 121 

Note. — ^Because the length of a square is equal to 
its height, its area will be found by multiplying the side 
by itself. 

BXAMPLBS. 

1. Required the area of a square field, a side of which 
measures 7.29 four-pole chains. 

7J29Ch. 
7^ 



6561 
1458 
5103 

\ 

10)53.1441 Area 5 A. 1 R. 10 P 

5.31441 
4 

1.25764 
40 

10.30560 



2. Required the area of a rectangdar field whose 
length is 13.75 chains, and breadth 9.5 chains. 



lines. Then, it is evident that these lines divide the rectangle into a nnm- 
her of squares, each equal to the superficial measuring unit ; uid that the 
nnmher of these squares is equal to the number of lineal measuring units in 
the length, as often repeated as there are lineal measuring units in the 
bfeadth, or height; that is^ equal to the length multiplied bj the breadth. 
But the area is equal to the number of squares or superficial measuring units ; 
and therefore the area of a rectangle is equal to the product of the length 
and breadth. 

Again, a rectangle is equal to anj oblique parallelogram of an equal length 
and perpendicular height (86.1 ;) therefore the area of eveiy paiallelognuii 
is equal to the product of its length and height 

Q 
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13.75 Ch. 
9.5 



6875 
12375 



10)130.625 Area 13 A. R. 10 P. 

13.0625 
4 



J2500 
40 

10.0000 

3. Required thd area of a fidd, in the fonn of a rhom- 
boides, whose length AB is 43.5 perches, and perpen- 
dicular hareadth CD is 32 perches. Fig. 15. 

42.5 P. 
32 



850 
1275 



410)136 10.0 

4)34 

4. What is the area of a square tract of land vrhom 
side meastlres 176.4 perches? Ans. 194 A. IR. 36*96 P. 

5. What is the area of a rectangular plantation whose 
length is 52.25 chains, and breadth 38.24 chains ? 

Ans. 199 A. 3 R. 8.6 P. 

6. The length of a iSeld, in the form of a rhombus, 
measures 16.54 chains, and the perpendicular breadth 
12.37 chains : required the area. Ans^ 20 A. 1 R. 33»6 P. 
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7. Required the area of a field in the form of a rhom- 
boides^ whose length is 21.16 chains, and perpendicular 
breadth 11.32 chains^ Ans. 23 A. 3R. 32.5 P. 

PROBLEM n. 

To find the area of a triangle when the base and perpen^ 

dicular height are given* 

Multiply the base l^ the perpendicular height, and 
half the product will be the area.* 

BZABIFI£S. 

1. The base AB of a triangular piece of ground, 
measures 12.38 chains, and the perpraidicular CO 6.78 
chains : required the area. Fig. 49. 

12.380*. 
6.78 



9904 
8666 
7428 

2)83.9364 

10)41.9682 Area, 4 A. OR. 31 P. 

4.19682 
4 



.78728 
40 

31.49120 



* DEM Oi W fR ATiow. A triangle is half a paraUelogram of the aame base 
•ud althnde, (41.1) and therefore the trath of the rule ia evident 
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2. Required the area of a triangular field, one side of 
which measures 18.37 chains, and the distance firom this 
side to the opposite angle, 13.44 chains. 

Ans. 12 A. IR. 15 P. 

3. What is the area of a triangle whose base is 49 

perches and height 34 perches ? Ans. 5 A. OR. 33 P. 

I 

a 

PROBLEM m. 

To find the area of a triangle when two sides and their 

included angle are given. 

BULB* 

As radius, 

Is to the sine of the included angle; 
So is the rectangle of the given sides, 
To double the area.* 



EXAMPLES. 

1. In a triangular lot of ground ABC, the side AB 
measures 64 perches, the side AC 40.5 perches, and 
their contained angle CAB 30^: required the area. 
Fig. 49. 



* DsMonvnuTioif. In the triangle ABC» Tig, 49, let AB and AC be the 
given sides, including the given angle A, and let CD be perpendicular on AR 
Then by trig. rad. : sm. A : : AC : CD;but (cor. 1.6) AC : CD : : ACx AB : 
CDx AB; therefore (11.5) red. : sin. A : : ACxAB : CDxAB; but CDx 
AB is equal to twice the ared of the triangle : hence the truth of the rule is 
evident 
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As radius 10.00000 

Is to sin. A, 30" - - - - - 9.69897 

- - - 1.80618 

5 - - - 1.60746 



So is AB, AC i^j 



13.11261 



To double the area 1296 perches 3.11261 

410)6418 
• 4)16 8 

4 A. OR. 8P. 

2. What is the area of a triangle, two sides of which 
measure 15.36 chains and 11.46 chains respectively, and 
their included angle 47^ 3Qf ? Ans. 6 A. 1 R. 38 P. 

3. One side of a triangular field bears N. 12^ E. dis* 
tance 18.23 chains, and at the same station the other ad- 
jacent side bears N. 78'' 30^ £• distance 13.84 chains : 
reqmred the area. Ans. 11 A. 2R. IIP. 

4. Required the area of a triangular piece of ground, 
one side of which bears N. 82"* 30^ W. dist. 19.74 chains, 
and at the same station tlie other adjacent side S. 24^ 15' 
E. dist 17.34 chains. Ans. 14 A. 2 R. 8 P. 

PROBLEM IV. 

To find the area of a triangle when one side and the two 

adjacent angles are given. 

BULB. 

Subtract the sum of the two given angles from 180®; 

the remainder will be the angle opposite the given side. 

Then, 
11* 
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As the rectangle of radius and the sine of the angle 

oppc^ite the given side, 
Is to the rectangle of the sines of the other angles, 
So is the square o( the given side, 
To double the area.* 



BXAJttPLES. 



rad. 


At. Co. 0.00000 


sin. C. 70" 


At. Co. 0.02701 


sin. A. 60* 


9.93753 


sin. B. 50' 


9.88425 


AB76 


1.88081 


AB76 


1.88081 



1. In a triangular field ABC, the side AB measures 
76 perches, the angle A 60% and the angle B 50*^: re- 
quired the area. Fig. 47. 

The angle ACBrirlSO"^ — the sum of the angles A 
and B,=70% 

As rad. x sin. C, 
: sin. A x sin. B, 
::AB»=ABxAB, 

: double area in perches 4078 3.61041 

• 

40)2039 
4)50 39 
12A. 2R. 39P. 



* DucomtKATioN. Let AB, Fig. 49, be the given side of the triangle 

ABC, and A and B the given angles ; also let CD be perpendicular on AB : 

Then by trig. 

Bin. ACB : sin. E : : AB : AC 

rad. : sin. A : : AC : CD. 

Therefore (3a6) rad.xsia. ACB : sin AXsin. B :: ABxAC : CDx AC :: 

(Cor. 1.6) AB : CD : : AB2 : ABx CD ; but ABx CD is equal to double the 

area of the triangle ABC ; therefore (11.5) rad. X sin. ACB : sin. A x sin. B : : 

AB^ : double the area of the triangle ABC. 
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2. One side of a triangle measures 24.32 chains, and 
the adjacent angles are 63^ and 74^ : required the area. 

^5. 37 A. OR. 22P. 

3. What is the area of a triangular fieSi, one side of 
which is 17.36 chains, and the adjacent angles 37* Sfff 
and48M5'? An8.6A. 3R. 18P. 



PROBLEM V. 

To find ike area of a triangle when the three sides are given. 

RULB. 

Prom half the sum of the three sides subtract each 
side severally ; multiply the half sum and the three re- 
mainders continually together, and the square root of 
the last product will be the area.* 



* DBMOHvnuTicm. Let ABC, Fig. 6§, be the^ triangle. Biseet any twe 
of the angles, BAG, ABC, by the straight lines AG, BG, meeting in G; let 
&11 cm the three sides of the triangle, the perpendiculars GD, GF, GE, and 
join GC ; also produce AB, AC, and bisect one of the exterior angles, HBC, 
by the line BE, meeting AGr* produced in E, join KC, and let fiill the perpen- 
diculars KH, EM, and EL. Then (26.1) AD is equal to A£ and DG to GE; 
also BD is equal to BF, and DG to GF; hence GF and G£ are equal, and 
consequently (47.1) CF is equal to CE. In like manner it may be proved 
that AH is equal to AL, BH to BM, and CM to CL ; as likewise that EII, 
EM, and EL are equal to each other. Now since BH is equal to BM and CL 
to CM, it is manifest that AH and AL together, are equal to the sum of the 
three sides AB, AC, and BC ; hence AH or AL is equal to the semiperimeter 
of the triangle ABC. But since twice AD, twice BD, and twice CF are, to* 
gether, equal to the sum of the sides of the triangle, or twice AH, it is ob* 

* The angte BAG is len than the angle HBC (16.1 \) consequently BAG is 
less than HBE, and BAG, EBA, are together less than HBK, EBA ; but HBK, 
EBA, are together equal to two right angles ; hence BAG, EBA, are less than 
two right angles ; therefore (cor. 39.1) the lino BE will meet the line AG pro* 
dooed. 
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EXAJHPLBS. 

!• Required the area of a triangular tract of land, 
whose three sides are 49.00, 50.25 and 25.69 chains. 

vious that AD, BD and CF together, are equal to AH; conaeqaently CF is 
equal to BH or BM ; hence CM or CL is equal to BF or BD; and therefinre 
DH and BC are equal 

Ilence, if from the semiperimeter AH, the three sides AB, AC and BC 
he severally taken, the remainders will he BH, CL, (or BD) and AD re- 
spectively. 

Again, since the angles DBF and DGF are together equal to two right 
angles, as likewise DBF and FBH together equal to two right angles, it is 
manifest that the angle DGF is eqi^l to the angle HBF; and the angle DGB 
to the angle HBK; the triangles DBG and HEB are therefore shnilar. 
Hence BD : DG : : KH : HB; also in the similar triangles ADG, AHE, AD : 
DG : : AH : HK ; therefore (23.6) AD x BD : IXP : : AH : HB : : AH« : AH 
XHB. 

If therefore we take hetween AD and BD, and between AH and HB, the 
mean proportionals M and N respectively, the foregoing analogy will become 
W : DG* : : AEP : N'; hence (22.6) M : DG : : AH : N ; consequently the 
rectangle M X N is equal to the rectangle AH x DG ; therefore ABC= ABG-h 
BCG-f-ACG=:AHxD(J=MxN=v^(ADxBD)x v^ (AHxHB)=-s/ (AD 
xBDxHBxAH.) 



BAF.IILJ 

a 


OONTBNT 

49.00 
50J25 
25.69 


OF LAND. 

■ 

log. 


• 


Sinn 


124.94 




Half sum 
Remainders 


62.47 

C 13.47 
< 12.22 
f 36.78 

615 chains 


1.79567 

1.12937 
1.08707 
1.56561 


^ 


2)5.57772 




2.78886 
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61.5 Acie8=61 A. 2R. 

fL What is the aica of a triangolar field whose sides 
measure 10.64, 12J28, and 9.00 chains ? 

An8.4A, 2R. 26P. 

3. What quantity of land is contained in a triangle, 
the sides of which are 20, 30 and 40 chains ? 

An8.29A. OR. 7P 

PROBLEM VL 

To find the area of a ttupezium^when one of the diagonah 
and the two perpendiculars^ let faUcn it from the op^ 
posite angles J are given. 

Multiply the sum of the perpendiculars by the diago- 
nal, and half the product will be the area.* 



*]>noNnBA'noii. TheaieaofthetriaiigleABC(ng.70} 

ACxDB 
ftiid the araa of the triangle ADC= — g — ; tfaereftre the 

R 



ACxHP 



of theee 
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Note. When all the sides and one of the diagonals 
are given, the trapezium will be di^ded into two^ trian- 
gles, the area of each of which may be found by the last 
problem. The sum of these areas will be the are^ of 
the trapezium. 

EXAMPLES. 

1. In a field ABCD, in the fom of a traoeaiiBiv the 
diagonal AC measures 20.64 chcdns, the perpendicular 
BF 6.96 chains, and DE 5.92 chains ; required the area. 
Fig.Vo. 

Ch. 

a.96 

5.92 



12.88 
20.64 

5152 
7728 
357i6 

2)2«5<8432 

132.9216 Ch^IS A. lE^ 6 P. 

2. Required the area of a trapezium whose diagonal 
measures 16.10 ch. and the perpendiculars 6.80 ch; and 
3.40ch. ilR«.8A. OR. 33IP. 

3. The diagonal xXz, trapezium is 24 ch. and the per- 
pendiculars are 8;27 ch., and 1243 ch. ; what is the 
afea? j1m.24A.3IL 14 P. 



mmi^m^^mmm 



ACxBF ACxDE BF+DS 
areas, or the area rfthe trapesiiim ABCa)= — g h g — =- 

XAG 
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PROBLEM Vn. 

* 

To find the area of a trapezium^ when all the angles and 

two opposite sides cure given. 

Note. — When three (f the angles are gtveriy the fourth may 
be founds by siAtracting their sum from 360^ ^ 

. RULE* 

Consider one of the given sides and its adjacent angles, 
or their supplements \?hen their sum exceeds 180^ as the ^ 
fdde and adjacent angles of a triangle, and find its double 
area by prob. 4. Proceed in the same manner with the 
other given side and its adjacent angles :^ Half the differ- 
ence of the areas thus found will be the area of the tra^ 
pezium.* 



1. In a four-sided field ABCD, there are given the fol* 
lowing bearings and distances, viz. AB, N. 2i^ E. dist 
6.90ch.; BC,N.64° 4(y R;CD, S. 35^ 2a E.distll.50 
ch. ; and DA, S. 88'' W. : required the area. Fig. 71. 

Prom the given bearings, thfe angles may be found 
as follows : 

AD, N. 88^ E. CB, S. 64^ 4ff W. 

AB, N. 24 E. CD, S. 35 20 K 



BAD=64^ BCD=lO(fOO 



* DnfomnuLTioR. Let AB, CD, Fig. 71, be fhe given rides of the trape* 

simn ABCD. Produce DA, CB, to meet in E; then 2ABCD=:=2EDC^ 

2EDC— 2EAR 
aiEAB or ABCD=: ss • HenceOie truth oftherule is orident 
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CONTENT 

BC, N. 64» 40- E. 
BA, S. 24 00 W. 


OF 

rue 


LAKD, [CBAP. in. 

DC, N. 35° 20^ W. 
DA, S. 88 00 W. 


40 40 
180 00 


123 20 

180 00 


ABC=139 20 

Const 


ADC=56 40 
(ton. 



Make AB=6.90, and draw DA, CB, making the 
angle DAB=64% and ABCrnlSQ** 20'; produce DA and 
make the angle EAFzsSe"* 4(y=the given angle ADC; 
lay off AF=:1 1.50= the given side BD, and parallel to 
AD draw FC, meeting BC in C ; lastly draw CD paral- 
lel to AF, meeting AD in D; then will ABCD he the tra- 
pezium.* 

Calculaiion. 



The angle EirrlSO** — the sum of the angles BCD^ 
ADC=23^ 2a. 



As rad. X sin. E, 

: sin. EAB x sin. EBA, 

: : ABS 



: 2 EAB 70^5 



rad. At. Co. 0.00000 

sin. R 23^ 20^ Ar. Co. 0.40222 
sin. EAB 116^ 00^ 9.95366 
sin. EBA 40^ 40^ 9.81402 
AB 6.90 0.83885 

AB 6.90 0.83885 



1.84760 



* DmomrnunoR. Byconstniction FC is parallel to AD and CD to AF; 
Oeiefore (84.1) CD=AF and (29.1) the angle ADC=EAFi hence it is 
evident that the sides AB, CD, and the angles of the trapeziam ABCD are 
respectively equal to the given sides and angles. 
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As radx sin. E, 

: sin.ECDxsin. EDC, 

:!CD», 

; 2 EDC 274.731 
2EAB 70.405 



rad. Ar. Co. 0.00000 

sin. E. 23" 20^ At. Co. 0.40222 
8in.ECD 100° 00^ 9.99335 
sin. EDC 56 40 9.92194 
CD 11.50 * 1.06070 

CD 11.50 1.06070 



2.43891 



2ABCD 204.326 
ABCD="l02.163Ch.=10A. OR. 34.6 P. 

2. In a trapezium ABCD, the angles are, A=65% B 
=81°, C=120°, and consequently Di=94°; also the side 
AB=20 ch. and CD=:11 ch. : required the area. 

An8.22A. 2R. 27P. 

3. Required the area of a four-sided piece of land, 
bounded as follows: 

1. N, 12° 39 E. 

2. N. 81 00 R dist. 23.20 ch. 

3. S.36 00W. 

4. N. 89 00 W. dist. 12.90 ch. 

Ans, 27 A. 2R. 24P. 



PROBLEM Vm. 

To find the area of a trapezium when three sides and the 

two included angles are given. 

BtJLB* 

As radius, 

Is to the sine of one of the given angles ; 

So is the rectangle of the sides including this angle. 

To a certain quantify. 
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As radius, 

Is to the sine of the other given angle ; 

So is the rectangle of the sides including this other 

angle, ^ 
To a second qu wtity. 

Take the difference between the sum of d^ gtyen aor 
gles and 180^; Then, 
jft radius. 

Is to the sine of this difference ; 
So is the rectangle of the opposite given sides. 
To a third quantity. 

If the sum of the angles be less than 180^, subtract 
the third quantity from the sum of the other two, and 
half the difference will be the area of the trapezium. 
But if the sum of the given angles exceed 180% add all 
the three quantities together, and half the sum wiSbe the 
area.* 



* DEMoinrnuTioir. Let ABCB (Fig. 73 er 7S) be the tn^ziam, having 
the given sides, AD, AB, BC, and given angles BAB, ABC.' Complete the 
parallelograms ABCE, ABfD, and join ED, OF; then because EC, DF, are 
each parallel and equal to AB, they are (30.1) parallel and equal to each 
ether, and (3ai) ECFD is ^parallelogram; therefore ABFD=ABH6+ GHFD 
=(35.1.) ABCE+ECFDi=(34.1.) ABCE+2BCD; to the first and last of 
these equals add ABCE, then ABFD+ ABCE=2ABCE+2ECD=2ABCD£. 

But, Fig. 72, When the sum of the given angles DAB, ABC, is less than 
180O, 2ABCDE=2ABCD+2EAD ; therefore in this case ABFD+ ABC£= 
2ABCD+2EAD; or ABFD+ABCE— 2EAD=:2ABCD. 

And, Fig. 73, when the sum of the given angles DAB, ABC, exceeds 180^, 
2ABCDE=2ABCD— 2EAD; therefore ABFD+ABC£==3ABCI>-2EAD; 
or, ABFD+ABCB+2EAD=:2ABCD: 

But by prob. S. one of the first two proportions gives 2BAD (s=ABFD,) 
and the other gives 2ABC (=AB(}E;) also because the angle £AD is the 
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BXAMPLBS. 



1. In a trap^um ABCD^ diere are given AD= 23.32 
ch., AB=:25.70 ch., and BC=:: 15.84 ch., the angle DABi= 
64% and ABC=82^: required the area. 



As rad. 

:Bin.DAB,64^ - - - . 

23.32 
.70 






: first ijaantiQr 538.66 

As rad. - . - - 
:8m. ABC, 83° 



:: ABxBC, Jgc 15; 



AB 25.70 

84 



Ar. Co. 0.00000 

9.95366 

■ - 1.36773 
• - 1.40993 



: second quantity 403.12 

DAB 64° 
ABC 82 

146 
180 

Difference 34° 



^mim 



■ - 2.73132 

Ar. Co. 0.00000 

9.99575 

1.40993 
- ' 1.19975 



2.60543 



As rad. ------ 

: sin. difference 34° - - 

5 AD 23.32 
I BC 15.84 



:: ADxBC, 



Ar. Co. 0.00000 

. - 9.74756 

1.36773 
1.19975 



: third quantity 206.55 



2.31504 



diflbrenee between the sum of the given angles and 160^, and the side EAat 
BC,^e third proportion gives 2EAD : hence the truth of the rule is mani^ 
feet 



*♦' 
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1st quantity 538.66 
2d » 403.12 



941.78 
3d " 206.55 



2)735.23 

367.615 ch.=36 A 3R. 2 P. 

2* What is the area of a four-sided lot of ground, three 
sides of which, taken in order, measure 6.15, 8.46, and 
7.00 chains, respectively ; the angle contained by the first 
and second sides 56^ and that contained by the second 
dnd third sides 98^ SO'? Ans. 4 A. R. 25 P. 

3. One side of a quadrilateral piece of land bears S.7i 

E. dist. 17.53 ch., the second, N. 87 E. dist. 10.80 ch. 

and the third, N. 251 E. dist. 12.92 ch. : what is the area ? 

Ans.2\A. 3R. 2P. 
« 

PROBLEM IX. 

To find the area of a trapezoid. 

BULB. 

Multiply the sum of the parallel sides by theur per- 
pendicular distance, and half the product will be the 
area.* 

BXAMPLBS. 

1. Required the area of a trapezoid ABCD, of which 
the parallel sides AD, BC measures 6.14 and 9.48 chains, 

* Demoiotratioit. The trapezoid ABCD, Fig. 74,=the triangle ABD+ 
EDC={by pr^^^-^+2245E.^(bec« BP=DE.) ADxOT 

. BCxBP AD+BCxBP. 
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respectiyely, and their perpendicular distance BF or DEL 
7.S0 chains. 

cai. 

6.14 
9<48 



15.62 

7.80 

124960 
10934 

2)121.8360 

60.9180 Cai.=:6 A. OR. 15 P. 

2. The parallel sides of a trapezoid are 12.41 and 8^ 
chains, and their perpendicular distance 5.15 chains : re- 
quired the area. Ans^ 5 A. 1 R. 10 P. 

3. Required the area of a trapezoid whose parallel 
sides are 11.34 and 18.46 chains, and their perpendicular 
distance 13.25 chains. Ans. 19 A. 2 R. 39 P 



PROBLEM X. 

To find the area of a circle j or of an ellipsis* 

RULE. 

Multiply the square of the circle's diameter, or the 



* If two pins be set upright in a plane, and a thread, the length of 
which u greater than twice the distance between the pins, having th« 
ends tied together, be pat aboat the pms ; and if the point of a pin of 
pencil applied to the thread, and held so as to keep it nnifbnnly tense, be 
moved roond, till it return to the place from which the motion began'; then 
the pbint of the pin ot pencil will have described on the plane, a curved line 
called an EUifiiii. 

12* S 
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product of the two diameters of the eUipsis, by .7854, for 
the area.* 

iVlrfe 1. — ^If the diameter of a circle be multiplied by 
3.1416, the product will be the circumference ; also if 
the circumference be divided by 3.1416, the quotient wiU 
be the diameter. 

2. If the area of a circle be divided by .7854) the square 
root o^iie quotient will be the ^liameter. 

KTAMPf.1M. 

1. How many acres are in a cirde a mile in diameter ? 
1 mile=:80 ch. 
60 



6400 

.7854 

3141600 
47124 

5026.5600 Sq. Cfa.=502 A. 2 R. 25 P. nearly 

Or hy Logarithmt' 

Q«««««raA 5 80 log. 1.90309 

Squaw of 80 ^^ 6 ^^3^ 

.7854 —1.89509 



5026.56 Sq. Ch. 



3.70127 



2. Required the area of an ellipsis, the longer diame- 
ter of which measures 5.36 ch. and the shorter 3 J28 ch. 



* The demonstration of this rule is too abstruse to admit of a jdaee in this 
work. /The student who wiahes to see a demcnslTation is yaferred to k trea. 
tise on Mentmatiim or Fhucwn*, 



QBAP. in] OOHTENT OF LAlfD. 139 

Ch* 
3.28 



4288 
1072 
1608 

17.5808 
.7854 

703232 
879040 
1406464 
1230656 

13.80796032 Sq. Cai.= 1 A. 1 R. 20.9P. 

PROBLEM XI. 

The hearings and distances of the sides of a tract of land 

being given to calculate the area. 

1. Rule a table and head it as in the annes^ed example; 
observing that the letters £• D. D. and W. D. D.^ stand 
for East Double Departure^ and West Double Departure. 

. 2. Find by prob. 12. chap. 1., the corrected differ- 
ences of latitude and the departures^ corresponding to 
the several sides, placing them in their proper places in 
the table. 

3. When the departures corresponding to the first and 
last sides are of the same name, add them together, and 
place the sum opposite the first side, in the column of 
double departures, which is oiilusi name; but when they 
are of different names, take their difference^ and place it 
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in the column of double departures, which is of the same 
name with the greater departure. Proceed in the same ' 
manner with the departures corresponding to the first 
and second sides, placing the result opposite the second 
Bide ; with those corresponding to the second and third 
sides, placing the result opposite the third side ; and so 
on to the last 

4. Commencing with any side of the survey at plea- 
sure, assume any number whatever for a multiplier cor- 
responding to that side, and place it in the column of 
multipliers, opposite to the side, marking it with the let- 
ter £, for east. If this multiplier and the double depar- 
ture, corresponding to the next side, are of the same name, 
take their sum for the next multipher, marking it with 
that name ; but if they are of different names, take their 
difference, marking it with the name of the greater. 
Proceed in the same way with this multiplier and the 
next double departure ; and so on till multipliers have 
been found corresponding to aU the sides. 



*» 



5. Multiply each of the corrected differences of lati- 
tude by its corresponding multiplier ; and when the mul- 
tipher is east^ place the product in that column of areas, 
which is of the same name with the difference of latitude ; 
but when it is west^ place the product in the column of 
areas, which is of a different name from that of the dif- 
ference of latitude* 

6. Add up the numbers in the colunms of areas, and 
taking the difference of their smns, divide it by 2 j the 
result will be the area of the survey.* 



* I^ExoNflnifcATioN. Let ABCDEFG, Fig. 79, be rf plot of a Borvey ; and 
let the east and west line AL, represent the assumed multiplier. IVom the 
points B and L| draw BM parallel, and LM perpendicular to AL» meeting in 
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Note 1. — If the double departures have been correctly 
found, the sums of the numbers in the two columns, will 
be equal. Also, if the multipliers have been correctly ob- 
tained, the sum or difference of the multipUer last found 



M ; and biseet BM bj the meridian NS. Draw the other east an^ west 
Bnesi Cc, md, ne, rf, and ug ; and atto the meridiana kk, Bp^ On, Dt, «r, 
FiOf and Ox, Then it ia evident that the differences of latitude and the de* 
partures corresponding to the several sides will be as in the following table. 
Also according to the rule, B&+ Av=BXf is the double departure correspond* 
ing to the first side ; BA+ Cl=Ck^ is that for the second side; Clr-^Dm;=Dpf 
is that for the third ; and so on to the last 



Dist. 
AB 


N. 


S. 


E. 


W. 


E.D.D. 


W.D.D 


Multipliers. 


N. Areas. 


8. Areas. 


Ah 




Bh 




Bx 




Aa-{-Bb, E 


2AahB 




BC 
CD 
DE 




Bl 


01 




Ok 




Bb+Oc,E 




2 BbcO 




Om 
Dq 




Dm 


Dp 




Cc-i-Dd, E 




2 OcdD 


Eq 






En 


Dd+Ee,E 




2 DdeE 


EF 




Er 




Fr 




F8 


Ee+Ff, E 




2 Ee/F 


FG 

Iga 


Ft 






Ot 




Gu 


Ff+Gg,E 


2Fjrgo 




Gv 




Av 




Av> 




Qg-k-Aa,E 


2Gga A 



By construction* the assomed multiplier AL=Aa-f-aL'=Aa+6M=Aa+ 
B6. By proceeding with this multiplier and the double departures, as di- 
rected in the rule, we shall evidently have the other multipliers as represent- 
ed in the table. It is also plam that the products of the differences of 
latitude by these multipliers, will be as represented in the columns of north 
and south areas. 



The sum (# the north areas is 2 BAGF/6B ; and the sum of the south areaa 
is 2 BC})rJPfbK The difference of these is 2 ABCDEF6A ; the half of 
which is the area of the survey. 

The prfieeding demonstration may easily be extended to the case in which 
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^and the next douUe departure, according as diey are of 
die same or different names, will be equal to the assumed 
multiplier. 

2. It is best, in general, to assume 0, for the first mul- 
tipUer ; as by so doing there is one multiplication less to 
be performed, and the other mult^ers are mostly smaller 
numbers, than they would otherwise be. 



the assumed multiplier is so small as to make the meridian NS pass through 
the survey. Thua^ suppose Ato+HB to be the assumed multiplier, the me- 
ridian in this case coinciding with FH. Then the multipliers will be equal 
to the differences between the above multipliers and the quantity, vm-{-bK 
or its equal 26H. We may therefore represent them, and the products, as 
in the following taUe ; in which the multi^ierB are marked, and the products 
placed, in conformity with the rule. 



Dist. 

AB 

BC 

CD 

DE 

EP 

FG 

GA 


N. 

Ah 

Ft 
Gv 


8. 


Multtpliera. 


N. Areas. 


o. Arasfl. 




(AaH-Bft)— 2 6HE. 


2 AnBfh--%wabH 




Bl 

Cm 


(Bft+Cfc)— 26ft E. 




2 Ebc0^2HhcK 


{fic-^Diy-^hHK 




2 CcdI>--^KcdP 


Er 


(Z>J+£c)— 26fl;E. 




2 DdeE--2Pdeq 


(Ee+iy)— 26if.E. 




2 J5e/F— 2 QtfF 


2 6Jf-{l2r+ Qg) W. 




2 Ffgt-^ FfgG 




26ff—((?^+Aa)W. 


2 tgauh-Q GgaA 



The sum of tlie north areas is 2 AabB — 2 Kbaw : and the sup|of the south 
areas is 2 BCDEF/6B+2wa/F— 2 H6/F— 2 AGF/ii=2 BCDEF/6B+ 
2 Wfl/P— 2 waf F— 2 nbaw — 2 AGF/a=2 BCDEF/6B-2H6aio-.2AGF/a 
=2BCDEP/6B — 2 AGF/<»—2 Ubaw. If now the sum of the north areas be 
subtracted from that of the south areas, the remainder will be 2 BCDEFy*6B 
AGF/a— 2 Aa6B=2 BCDEiy6B-2 BAGF/6=2 ABCDEFGA. 
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3. Instead of assuming the first multiplier east, it 
might with equal propriety be assumed west Also 
instead of finding the multipliers from the departures, 
they might be found in a similar manner, firom the differ- 
ences of latitude ; using, in that case, the departures for 
multiplicands. 

4. When one or two bearings or distances are omitted, 
they may be found by the proUems in the last chapter ; 
and in these cases the dififerences of latitude and depar- 
tures are to be used as first obtained fix)m the tables, 
there being no means of correcting them. 

EXAMPLES. 

1. Given the bearings and distances of the sides of a 
tract of land as follow: 1st. 4W E. 31.80 ch.; 2d. N. 
54^ R 2.0Sch. ; 3d. N. 29i^ E. 2.21 ch. ; 4th. N. 28^ K 
35.35 ch. ; 5th. N. ST W. 21.10 ch. ; and 6th. S. 4T W. 
31.30 ch. ; to the place of beginning. Required the area 
of the tract. 
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2. Required the area of a tract of land, bounded as 
foUows : 1st. N. 75° E. 13.70 ch. ; 2d. N. 20i° E. 10.30 
ch. ; 3d. East, 16.20 ch. ; 4th. S. 334'' W. 35.30 ch. • 
5th. S. 76' W. 16 ch.j 6th. North, 9 ch.; 7th. S. 84 
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W. 11.60 cL J 8th. N. 53* 'W. 11.60 ch. ; 9tL N. 36|* 
R 19.36 ch.; 10th. N. 22i°R 14 ch.; 11th. S.76i°E. 
12 ch. ; 12th. S. 15° W. 10.85 ch. j 13th. S. 18° W. 10.62 
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3. Given the botmdarioB of a tract of land as foDow, 
viz. Ist. S. 35*° W. 11.20 ch. J 3d. N. 45* W. 24.36 ch. ; 
3d. N. 15i' E. 10.80 ctuj 4th. S. 77° R 16. ch. j 5th. N 
87F R 21.50 ch. ; 6th. S- 60° R 14.80 ch. ; South 10.91 
ch.; 8th. N. 85° W. 29.38 ch. ; to the place of beginning • 
required the area. Ans^ 85 A. 3 R. 17P. 

4. Given the boundaries of a tract of land as follow, 
viz. 1st. N. 19° R 27 ch. J 2d. S* TT R 22*75 cfc. ; 3d. 
S. 2r R 28 J5 ch. j 4th. S. 52° W. 14.50 ch. ; 5th. S, 15J° 
R 19 ch.} 6th. West, 17.72 ch. j 7th. N. 36° W. 1 1.75 ch. ; 
8th. North, 16.07 ch. j 9th. N. 62° W. 14.88 ch. ; to the 
place of beginning^: required the area. 

Ans.l5QA. 2R. 6 P. 

5. Required die area of a tract of land boimded as 
foUows : 1st S. 62° W. 7.57 ch. j 2d. N. 43J° W. 5.89 ch, ; 
3d North, 5.82 ch. ; 4th. N. 33i° W. 8.83 ch. j 5th. N. 48° 
R 4.81 ch. } 6th. N. 12P R 4.66 ch. ; 7th. N. 62i° R 5.27 
ch. ; 8th. S. 61° E. 5.60 ch. ; 9th. S. 40i°R 5.87 ch. ; 10th. 
East, 6.54 ch. ; 11th. North, 5;52 ch. ; 12th. N. 68i° R 
3.10 ch.; 13th. & 30° R 7.00 ch. ; 14th. S. 23° W. 8.80 
ch.; 15th. S.31i°R 6.42 ch.; 16th. S. 50° W. 8.40 ch. ; 
17th. N. 44° W« 6.85 ch. to the place of beginning. 

Ans. 44 A. 2 R. 32 P. 

6. Given the following field-notes to find the area of 
the survey ; also the bearings and distance of the 3d side, 
which were omitted to be taken on account of obstacles 
in the way. 

Ch. 

1. S. 85i° R 23.30 

2.S. 19 R 31.12 

3. ' —— 

• 4. N. 64 W. 29.72 
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Ch. 

5. N. 15i^ W. 22.46 

6. N. 58 E. 25.94 

7. S. 27| E. 6.60 

Ana. Area 182 A. OR. 2L7P. and the bearing and 
distance of the 3d side, S. 66"" 23' W. 28.06 ch. 

7. Being ftumished with the field-notes of a tract of 
land^and requested to calculate tne area, I found on ex- 
amining them, that the figures expressing the angles of 
bearing of the 4th and 5th sides were so defaced as to be 
illegible : but as the remaining data are sufficient, the 
area is required. The field notes are as follow : 

■ 

Ch. 

1. S. fiOf' W. 10.34 

2. N. 27i W. 17.88 

3. N. 51 E. 15.85 
4.N.— R 9.61 

5. S. — E. 19.18 

6. S. 16| R 22.21 

7. S. 71i W. 16.66 

8. N. 71i W. 5.76 

Ans.8lA. 2R. 23 P. 

8. In a sarvey, represented Fig. 81, tbe comer at A 
was inaccessible, occasioned by the overflowing of water; 
but being a tree, it can be seen from the adjacent comers 
B and L. I therefore set my instrument at B and took 
tfa? bearing to A, which I reversed, and set in my field- 
book as the first bearing. I then proceeded to take the 
bearings and distances of the several sides to L ; and at 
L, I took the bearing of the side LA. The field-notes 
being bs follow, the length of the sides AB and LA, and 
the area are required. 

10 
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Afi, N. 51i° W. Ch. 

BC, S. 45i W. 15.16 

<n),N.50 W. 22.10 

DE, North, 18.83 

EF, N. 48 R 22.60 

FG,N.25J W. 20.17 

6H, East, 26.57 

m, S.30i E. 22.86 

IK, S.44 W. 15.04 

EL, S. 47 E. 28.55 
LA,S.20J W. 

Jns. AB, 26.47 ch. ; LA, 23.81 ch. ; and die area 

244 A. 3R. 13 P. 

9. In taking a survey of a tract of land botmaed by 
mx straight sides, Fig. 80, I was prevented going di- 
rectly from the 3d to the 4th comer by a pond of water. 
I therefore set up two stakes near the edge of the pond, 
and took the bearing and distance from the 3d comer 
to the first stake, from the first stake to the second, and 
from the second to the 4th comer, and noted them in 
my field book as all belonging to the 3d station of the 
survey. The field-notes being as follow, the bearing and 
distance of the 3d side, and the area of the survey are 
required. ' « 

1. North, 7.81 C!h. 

2. S.76i* R 18.15 

(S. 52 W. 10, 

3. < S. 7i W. 13. 
^S.33i R 9. 

4. N. 84i W. 27.12 

5. N. 41 W, 22.00 

6. East, 16.58 

Jns. 3d side, S. 10° 47 W. 28.42 ch. ; and azea 
80A. OR. 25P. 
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PROBLEM Xn. 
Tofi^tbeaamiy^whm ^"fi^ts are taken. 

RULE* 

1* Find by the last problem, the area enclosed by the 
Btationary lines and straight sides o[ the jsuryey. 

2. Sfibtract the stfitionary distance of each offset, 
froqi'that of the oae immedititely following; the remain- 
ders will be the ^cjistances, intercepted on the stationaiy 
line^.^tween ^oh two adjacent off-sets. Place these 
undj^r 9ne another ;in .a column as in the annexed exam- 
ples. ,^so take the sums of each two adjacent off-sets, 
and place them in the next column, so as to correspond 
with t|ie jnf^rpepted distances. 

3. Multiply the sum of eaeh twa adjac^st^off^sets fay 
their intercepted distance on the stationary line ; then* 
half the sum of the products will be the area of the off 
sets on that line. 

4. If there are off-sets on more than one stationary 
line, proceed in the same manner with the others. 

5. When the stationary lines are within the boundary 
of the survey, add the areas of the off-sets to the area 
enclosed by the stationary Unes and straight sides ; but 
when the stationary Unes are without the boundaiy, sub- 
tract the areas of the off-sets.* 



* DEMommuTioN. Connderin^ the boandary as straight between the 
ends of each two adjacent of^ts, it is (^lain that the area contained between 
the stationary line and boimdary will be divided bjr the ofT-sets into tmpe* 
loides and triangles. Hence the truth of the rule is evident 
13* 
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Example 1. Fig. 82. 

Required the area of a piece of a meadow, bounded on 

one side by a brook ; the field*notes being as follow ; 

f 

Left-hand ofl^Mti on the ftat liiw, 
Sta. Dut OffMi. 

1. N. 16^^ £. 14^5 CSl No. 1. 0.00 Ch. 0.30 01. 

2. East, 7.82 

3. S. 3i W. 1445 Statline. 
4.N.86iW.lL07 



2. 


0.95 


0.84 


3. 


2.03 


0.86 


4. 


3.28 

• 


0.50 


5. 


5.20 


1.80 


6. 


7.43 


2.35 


7. 


8.98 


1.45 


8. 


10.46 


1.08 


9. 


11.71 


1.85 


10. 


14.45 


0.35 



The area of the part ASCD ■mil be found, by tholast 
problem, to be 13 A. 1 R. 11 P. 
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Na 


Sta. Dift 
Ch. 


Off-Ml& 

Ch. 


lotercep. 
DiBt 


Sams of 

OffMtB. 


Prodncta. 


1 


0.00 


0.30 








2 


0.95 


0.84 


0.95 


1.14 


1.0830 


3 


2.03 


0.86 


1.08 


1.70 


1.8360 


4 


3.28 


0.50 


1.25 


1.36 


1.7000 


5 


5.20 


1.80 


1.92 


2.30 


4.4160 


6 

7 
8 


7.43 


2.35 


2.23 


4.15 


9.2545 


8.98 


1.45 


1.55 


3.80 


5.8900 


10.46 


1.08 


1.48 


2.53 


3.7444 


9 
10 


11.71 


1.85 


1^ 


2.93 


3.6625 


14.45 


0.35 


2.74 


2.20 


6.0280 


2) 


37.6144 



18.8072 Ch. 
=1 A. 3 R. 21 P. 



A. R. P. 
AxeaofABC3) 13 1 11 
Do. of off-sets 1 3 21 



Whole area 15 32 

Eza]iflb2. Fig. 83. 

Roqaiied the area of a survey from the foOowing fidd 
notes. 
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[CHAF. Ill, 











Lea hand olf-fleta. 










Iflt Sttittonary liite. 3d Stat Line. 






• 




Sta. Diat Off-aeta. Sta. Diet Offaeta 






Cfu 




Na Ch. Ch. 


No. Ch. Ch. 


LN.86|'> 


w. 


90.00 




1. 0.00 ,0.50 


L aOO 0.55 


&N.56i 


E. 


21.80 Bfax line: 


2. aio a40 


2: 4:20 2.50 


&N.26i 


K 


ia44 


Da 


8. 10.15 aio 


a ao» a20 


4 aTii 


K 


laoo 


Da 


4 1408 a06 


4 15.15 a45 


& B.2di 


R 


12L4S^ 


Da 


5. 19.20 2.10 


a laoo, 0.50 


^ a45 


W. 


42141 




a 21.60 0.55 
2d. Stat Line. 


4th Stat tine. 

1. aoo a50 








• 


1. 0.00 0.55 

2. ia44 0.55 


2. 5.12 a75 

a 10.00 1.00 

4 ia46 aTD 



The area withk^ the stationary lines and straight sides, 
found by the litst problem, is 1152.5381 square chains* 

To find the area of the qf-sets^ 

Ist Stationaiy Line. 



Na 
1 


Sta. DiBt 
Ch. 


Off-oeta. 
Ch. 


Intercep. 
Di0L 


Sums of 

Off-MU 


Producta. 


0.00 


0.50 






' 


2 


6.10 


3.40 


6.10 


3.90 


23.79d0 


3 


10.15 


3.10 


4.05 


6.50 


263250 


4 


14.08 


3.96 


3.93 


7.06 


27.7458 


5 


19.20 


2.70 


5.12 


6.66 


34.0992 


6 


21.60 


0.55 


2.40 


3J25 




^ff:ii 


1 



39. StationuyLi 



Na 



Sta. Dirt. 
Ch. 


Off-eeta. 
Ch. 


Intercept 


Sonwor 


Prodncta 


0.00 


0.55 








13.44 


0.55 


13.44 


1.10 


14.7840 



i 
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8d. Statkmny line. 



Ma 


Bta^Diat. 
Ch. 


Ofl^iwita 
Cto. 


Intereea 
Dirt. 


Sinntor 
Offwta. 


PNdnelb 


1 


0.00 


0.55 








2 


4J20 


2.50 


4.20 


3.05 


12.8100 


3 


8.05 


3J120 

• 


3.85 


&.7a 


21.9450 


4 


15.15 


2.45 


7.10 


5.6& 


40.1150 


5 


18.96 


0.50 


3.81 


2.95 


11J3395 



4tlL Stationaiy line. 



1 


aoo 


0.50 








2 


5.12 

• 


2.75 


5J2 


3.25 


16.6400 


3 


10.00 


1.90 


4.88 


4.65 


22.6920 


4 


13.46 


0.70 


3.46 


2.60 


8.9960 



Area ef &e offsets 



Area within the staticMUiy fines 



2)268.9815 

134.49075 Ch. 
1152.5381 



1287.02885 Ch. 



128«702885Acr 
4 

2.811540 
40 

32.46160 



Areaofdiesarvey, 128A. 2R. 32 P. 

U 
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EXAXFUS. 

Required the areaofameadow fix»n the following field 
notes. 

Leftlumd off«ets on the staL liiMu 
Sta. Dist 0ff-6et«. 

1. N. 4U» E. 14.35 Ch. No. 1. 0.00 Ch. 0.38 Ch 

2. S. 42i £. 14.71 Sta. line. 2. 2.65 2.35 

3. S. 54 W. 16.32 3. 3.80 1.70 
4.N.32iW. 11.50 4. 6.00 2.75 

5. 7.50 1.40 

6. 9.60 3J20 

7. 12.38 2.72 

8. 14.71* 0.42 
.<iiu. Area 22 A. 3R. 27P. 

EzAJinji 4. 

The following field-notes are given, to find the area 
of the surrey. 

' LefUnnd off-Mta. 
OndwlititatUiie. On the U. itat Bm 
Sta. Dut 0ff«eti. Sta. Dirt. Qffata. 

C3i. No. Cau Ch. No. Ch. Cb. 

l.S.69i°E. 16.14 sta. line 1. 0.00 0.44 1. 0.00 0.31 

2. S. 28 E. 9.38 Do. 2. 3.80 2.00 2. 2.67 2.94 

3.S.32iW.21.20 3. 7.04 3.79 3. 6.20 2.62 

4.N.48 W. 22.47 4. 9.87 2.34 4. 9.38 0.39 

ft.N.26} E. 19.00 5. 13.24 3.00 

6. 16.14 OJl 

An$. 56A. 2R. 18P. 
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PROBLEM XHL 

Given the hearing and distance of ttoo stations from each 
other and the bearings of aU the comers of a tract of 
land from these stations^ to find the area of the tract. 

The method of doing this will be best explained by an 
example. 

EXAVFLB 1. 

Let ABCDEF6A, Fig. 84, represent a field, all the 
angles of which can be seen from two stations, H and I, 
without it. The bearing and distance of the stations, 
and the bearings of all the angles of the field, from each 
station, being as follow, it is required to find the area. 

The station H bears from the station I, North, dist 
28 ch. 





Beariiig& 




Bewingi. 


HA 


S.811»E. 


lA 


N.28i'E. 


HB 


S. 85} K 


TB 


N. 42iK 


HC 


S.68 E. 


IC 


N. 5U E. 


HD 


S.58iE. 


H) 


N. 71 E. 


HE 


S.35(E. 


IE 


S. 82} E. 


HF 


S.281E. 


IF 


N.73iE. 


HG 


S.40 E. 


16 


N. 60 E. 



Construction. 

Draw HI according to the given bearing and distance ; 
wodStom the points H and I, draw HA, HB, HC, dzc 
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and lA, IB, IQ &c, accordiDg to the given beariDgs ; 
then will the intersections A, B^ C, &c. of the correB- 
pondiDg headings HA and lA, HB and IB, HC and IC, 
&C. be the angular points of the field. 

Calculation. 

In each of the triangles IHA, IHB, IHC, &c. we have 
the side IH ; and from the bearings of the sides, we have 
all the angles, to find the sides lA, IB, IC, &c. 

Then in each of the triangles, lAB, IBC, ICD, do:, we 
have two sides, and the included angle ; Yfbeoce the areas 
may be found by prob* III. 

From the sum of the areas of the triangles I AB, IBC, 
ICD, and IDE, which is equal to the area lABCDEI, 
subtract the sum of the areas of the triangles I AG, IGF 
and IFE, which is equal to the area lAGFEt ; the re- 
mainder win be the area of the field ABCDEFGA. 

Note. — ^In working the proportions for finding the sides 
lA, IB, '&c. it vnH be unnecessary, when the area only 
is required, to take out the natural nttmbei4» correspond- 
ing to the logaridims of those sides ; because in the pro- 
portions for finding the areas it will be sufficient to know 
the logarithms of the sides^ vdthout knowing their real 
lengths. 

T&Jindthelog.^lA. 

As sm. HAI, 70^ OOr ..... 9.97299 

: sin. AHI,8130 9^530 

::IH,28.. 1.44716 

11.44236 

: lA, kg. 1.46937 



t 
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Ti>findtUhg,ifl& 

As sin. HBI 52" W 9.89653 

: 8m.Bffl85 45 9.99880 

: : ra 28 1.44716 



11.44596 
» IB log. 1.54943 

To find the log. ^IC. 

Ab sin. Ha 60" 3(y - - - -. - 9.93970 
: sin. CHI 68 00 ... - • 9:96717 
: : IH 38 144716 



11.41433 



: IC log. 1.47463 

Tofindthehg.ofJD, 

As sin. HDI 50° 45' 9.88896 

: sin. Dm 58 15 9.92960 

: : IH 28 1.44716 



11.37676 

■ ■a ■ 

t ID log. 1.48'^ 

To find the log. if IE. 

As sin. HEI 4r 00^ 9.86413 

: sin.£Hl35 30 9.76395 

: : m 28 . - 1.44716 



11.21111 



s IE .' log. 1.34698 
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TojUkthehg.o/IF, 

As sin. HFI 78^ 0(y 9.99040 

i sin.FHl28 30 - 9.67866 



::ffl28 ,1.44716 

11.12582 
:IF log. 1.13542 

Tojind the log, of IG. 

As sin. HGI 80^ OO' 9.99335 

: 8in.GHI40 00 9.80807 

::IH28 1.44716 

11.25523 
: IG ---..--- log. 1.26188 

■Tojind the double area cf the triangle lAB. 



Asrad. ......... 10.00000 

: sin. AIB 13° 45' 9.37600 

.46937 
.54943 



-lAxiB,^^ :::::!!!: 11 



t 2IAB248J2 - - - . . 2J9480 



« 



To find the double area cfthe triangle IBC. 

Asrad. ......... 10.00000 

: sin. BIG 9° 15^ 9.20613 

.54943 
.47463 



::IBxIC, [^ _" I I _" " |^ };; 



: 2IBC 169.9 . - 2J20319 
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To find the double area of the triangie ICD. 

Asrad. - *.- - 10.00000 

I am. CID 19" 30^ 9.52350 

••ICyloH^ . , - . - log. 1.47463 
. .ll.XllJ,Jlj) 1.48780 

: 2ICD, 306.15 2.48593 

Tojini the douMe area cfthe triangle IDE. 

As rad. ' ' -y 10.00000 

: gin. DIE 26° 30* 9.64953 

. .ID^trJID Jog- 1-48780 

. .lUXllSjlE 1.34698 

: 2IDE 305.007 2.48431 

Tojlnd the double area of the triangle lEF. 



Asrad. .......... 10.00000 

. sill. EIF 24° OO' - 9.60931 



1 



sIEXlF,Jjp 1,13542 



I 2IEF 123.511 2.09171 

To find the doubh area of the triangle IFG. 

Asrad 10.00000 

: am. FIG 13° 30^ 9J6818 

.13542 
^188 



• • IPvIG J^ ^' !•* 



: 2IFG 58.274 1.7G548 



» • 
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To find the doMe area of the trian^ lAG. 



Asorad. - > - 

: sin. AI6 31^ 30 

lA 
16 



.::IAxIG 






. - • -^10.00000 

- - - - 9.71809 

- - - log. 1.46937 

1.26188 



: 2IAG 281.412 



2.44934 



2IAB . 
2IBC - 
2ICD - 

mm - 

2IABCDEI 
2IAGFEI 



Ch. 

248.2 
169.9 
306.15 
305.007 

1029.257 
463.197' 



2IEF 
2IFG 
2IAG 



2IAGFEI 



GL 

123.511 

58J274 

281.412 

463.197 



2ABCDEFGA 566.060 

ABCDEFGA 283.03 Ch.=21 A. 1 R. 8 P. 



The bearings and distances of the sides, if required, 
might readily.be obtained. For, having found the dis* 
tances I A, IJB, we have in the triangle lAB, two sides, 
and an included angle ; whence the angle I AB and side 
AB may be found. The angle lAB applied to the bear- 
ing of lA, will give the bearing of AB. In the same 
manner the bearings and distances of the other sides 
may be found. 

EXAXPLB 2. 

Being required to calculate the area of a field, the 
owner of which refuses permission to go on it, I choose 
two stations, F and G, in the adjacent limd, from Tyhenoe 
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all the angles of the field are visible. The beaEriog and 
distance of the stations, and the bearings of the angles, 
from each station, are as follow. What is the area of 
the field? 

The statiod 6 bears firom the station F, N. 43"" W. 
20 ch. 

Bearingi. 



FA 



FB 



FC 



FD 



FE 



N25i°E. 



N. 19 W. 



N. 5 W. 



N. 16 E. 



N.eo^E. 



GA 



GB 



GC 



GD 



G£ 



S.66°E. 



N.23 E. 



N.38iE. 



N.60JE. 



S. 84 E. 
Ans.^A, IR. 7P. 



PROBLEM XIV. 



Jh find the area tf a survey by protracting it^ and dividing 
thepiot into triangles and trapeziums* 

The method of doing this will be easily understood 
firom the following example* 

EIZAMFLB 1. 

Given the bearings and distances of the. sides of a 
tract of land as follow: 1st. N. 50** R 9.60 ch. j 2d. S. 
3y E. 16,38 ch. ; 3d. S. 41^ W. 6.30 ch. ; 4th. West, 
8.43 ch. ; 5th. N. 79^ W. 10.92 ch. ; 6th. N. 5^ E. 11.25 
ch. ; 7th. S. SS'' E. 6.48 ch. ; to the place of beginning. 
Required the area. 

Fig. 75, is a plot of this survey : and by drawing the 
lines as in the plot, it is divided into two trapeziums 
AGFE, AEDF, and a triangle BDC. Measure the 
14* X 



162 eoNTBNT or land. [grap. m. 

several bases and perpendiculars, on the same scale that 
was used in the protraction, and find the double areas of 
the triangle and trapeziums by probs. 2 and 6 ; the sum 
of these wiU be the double area of the survey. 



Perpens. 

EG 16.68 X j 5a 4 71 \ =203.6628=2 AGFE 
EB 19.17X [d^8.10 | =267.4215=2 AEDB 
BD 19.23 X Ce5.16 = 99.2268=2 BDC 



2)570.3111 ch.=2 ABCDEFG 

285.15555 ch.=28A. 2R. 2P. 
= the area required. 



EXAMPLB 2. 

« 

The following field-notes are given to protract the 
survey and find the area. 

Ch. 

1. N. 15' 0(y E. 30 

2. N. Zr ZOf K 10 
'3. East 7^ 

4. S. 11" OOf E. 12.50 

5. South 13.50 

6. West 10. 

7. S. 36» SO' W. 10. 

8. N. 38" 1& W. 8.50 

ilfM.46A. 2R. 9P. 
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LAYING OUT AND DIVIDING LAND. 

PROBLEM I 
To lay out a gwen quantity pfhmd ma square form. 

RULB. 

Reduce the given quantity to chains or perches, and 
extract the square root^nvhich will be the length of a 
side, of the same denomination to which the given quan- 
tity is reduced. 



1. Required the side of a square that shall contain 
9A.3R. 28P. 

40)28 Per. 

4)3.7R. 

9.925 A.=99J25 ch. 

C3l 
99J25(9.96 ch. the length of a skiek 
81 



189)1825 
1701 



1986)12400 
11916 

484 
11 16t 
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2. Required the side of a square tract of land that 
shall contain 325 acres. Ana. 57 chains. 



PROBLEM n. 

To lay out a given quantity of land in a rectangtJarform^ 

having one side given. 

BUUk 

Divide the given content by the length of the given 
aide, the quotient ^vill be the length of the required side. 



1. It is required to lay out 120 acres in a rectangular 
form, the length of one side being given, equal 100 
perches. 

Aqres. 

120 

4 

480 
40 



1,00)193,00 

192 Per. the length of the other side. 

2. The length of a rectangular piece of land is 8 
chains ; what must be its breadth, that the content may 
be 5 acres? 

Ans. 6.25 chains. 
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PROBLEM in. 

To lay out a given quantity of land in a rectangular form^ 
having the length to the breadth, in a given ratio. 

ft 

RULB. 

As the less number of the giyen ratio, 
Is to the greater ; 
i^ is the given area. 
To a fourth term.* 

The square root of this fourth term will be the length 
required. Having the length, the breadth may be found 
by the preceding problem. Or it may be found in the 
same manner as the length. Thus, 

As the greater number of the given ratio, 

Is to the less ; 

So is the given area. 

To a fourth term. 

The square root of this fourth term will be the breadth 
required. 

BXAMPLBS. 

1. It is required to lay out 864 acres in a rectangular 
form, having the length to the breadth in the ratio of 
5 to 3. 



* DBMOmrrRATicm. Let ABCD, Fig, 85» be a rectangle, and ABFE and 
AHGD bo squares on the greater and less sides respectively : then (1.6) AD 
: AE(AB) : : the rectangle AC : square AF. AlsoAB : AH(AI>) : : tlni 
rectangle AC : square AG. Hence the truth of the rule is evident 
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864 A= 138240 R 

Sq. R Sq. P. 

As 3 : 5 : : 138240 : 230400 
}/ 230400=480 Perches, the length required 

Sq. P. Sq. R 

As 5 : 3 : : 138240 : 82944 
v/ 82944=288 Perches, the breadth required. 

2. It is required to lay out 27 A. 3 R. 20 P. in a rect* 
angular form, having the length to the breadth in the 
ratio of 9 to 7. Am. Length 75.725 R Breadth 58.897 P. 

PROBLEM IV. 

To lay cut a given quantity of land in a rectangular 
form^ having the length to exceed the breadth by a given 
difference. 

BULB. 

To the giv^i area, add the square of half the given 
difference of the sides, and extract the square root of the 
sum ; to this root, add half the given diiSference for the 
greater side, and subtract it therefrom for the less.* 



* DsiiDinvBATioii. Let ABCD, Fi^. 66, be a rectangle; in DC let DE 
be taken equal DA or BC, and let EC be bisected in F ; then (6.2) DF^^ 
DCx D£+FC8=DCx AD+FC3=:the rectangle AC+the square of half the 
difference of the sides DC, DA ; also DF+ FC=DC, the greater side, and DF 
— FC=DE or DA, the less side. 

This problem may be neatly constructed thus: take EC equal the given 
difference of the sides and bisect it in F ; make EG perpendicular to EC and 
equal to the square root of the given area, and with the centre F and rsdius 
FG describe the arc DG meeting CE produced in D : make DA perpendio- 
vlar to DC and equal to DE, and complete the rectangle ABCD, which will 
be the one required. Smce (47.1.) FGs=:EGM-EF>=the given area+the 
■qoare of half the given difference of the sidesb the truth of the oonstruction 
is plam, from the preceding demonstration. 
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BXAMPLES. 

1. It IS required to lay out 47 A. 2 R. 16 P. in a rect- 
angle, of which the length is to exceed the breadth hj 
80 perches. 

2)80 P. 47 A. 2 R. 16 P.=7616 Per. 

— 1600 



40 



40 ^9216=96 
half difi*. add and subtract 40 



1600 



length 136 

breadth 56 

2. It is required to lay out 114 A. 2R. 33.4 P. in a rect- 
angular form, having the length to exceed the breadth 

by 15.10 ch. ^ti^. Length 42.25 ch« Breadth 27.15 ck 

» 

PROBLEM V. 

To lay out a given quantity of land in the form of a trir 
angle or parallelogram^ on/e side and an adjacent angle 
being given. 

RUUB. 

For a triangle. 

As the rectangle of the given side and sine of the 
given angle, 

Is to twice the given area ; 

So is radius, 

To the other side, adjacent to th^ given angle. 

Then having two sides and the included angle given, 
the other angles and side, if required, may be found by 
trig, case 3. 
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For a paralklogram. 

As the rectangle of the given side and sine of the 

given angle, 
Is to the given area ; 
So is radius, 
.To the other side, adjacent to the given angle.* 

BXAMPLES. 

1. Let AB, BC, Fig. 87, be two sides of a tract of land; 
the bearing of AB is S. 87i** W, dist. 16.25 ch. and the 
bearing of BC, N. 27i*' E. ; it is required to lay off 10 
acres by a straight line AD, running from the point A^ 
to the side BC. 

Bearing of BA,N.87i*E. 
BC, N. 27i E. 



Angle B, 60* 

A. A Rv/o-w. 1^ S AB 16.25 ch. - . At. Co. 8.78915 
ASAi5Xsin.ujgj^ g gj^o . . 0.06247 

: twice the given area 200 sq. ch. - - 2.30103 
::rad. --- 10.00000 



t BD 14.21 ch. 1.15265 



* DBVomrnuTioif. It is demonstrated, prob. 3. chapi S, Content of Land, 
that rad. : sin. B : : ABxBD : 2ABD (see Figr. 87); therefore (1.6 cor.) 
rad.xAB : 8in.BxAB : : ABxBD : 2ABD,or(16.^8in.BxAB : 2ABD 
t : rad.X AB : ABxBD.: : rad. : BD. Since ABDF is equal to 2ABD, 
the truth of the rulis for the parallelogrram is evident 

This problem may be constructed as follows ; take AB equal the given 
■ide and draw BC making the angle B equal to the given angle ; make BE 
perpendicular to AB^ and cnu&l twice the given area of the triangle divided 
by the given side, or equal the given area of the parallelogram divided by 
the given side ; and parallel to AB, draw EF cutting BC in D, and join DA ; 
then will ABD be the triangle required ; or complete the parallelogram 
ABDF, for the one required. The reason of the construction is plain. 



J 



< _ 
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2. Giyen the side AB, Fig. 15, of a parallelogram, 
equal 20 ch. and the angle A 63^ 30; required the side 
AC, that the content may be 21} acre& 

ASAJ5Xsin, A^gj^^^gygjy 0.04821 

: the given airea 215 sq. ch. ..... 2^3244 

:;rad. -...- 10,00000 

:ACl2.01ch.« - 1.07962 



3. Given one side of a triangle, equal 30 perches, an 
angle adjacent to this side 71^ 15', and the area 2 acres; 
required the other side adjacent to the given angle. 

Ans. 22.53 perches. 

4. Given one side of a parallelogram, equal to 32.2^ 
eh., an angle adjacent to this side 83^ 30^, and the area 
74 acres ; required the other side adjacent to the given 
angle. Ans. 23.09 <Al 



PROBLEM VI. 

J%e area and bam cf a trumgle being given^ to ad off m 
given part cfthe area by a line running from the anglo 
opposite the base^ 

ftUUB. 

« 

As the given area of the triangle. 

Is to the area of the part to be cut off; 

So is the given base. 

To the base eonesponding to that area.* 



* The truth of this rule is maniAitfrom L6L 

Y 
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EXAMPLES. 

1. Giyen the area of the triangle ABC, F\g. 88, equal 
650 square perches, and the length of the )ase AB, 40 
perches ; it is required to cut off 290 perches towards the 
angle A, by a line running from the angle C to the base. 

ABC. ADC. AB. AD. 
As 650 : 290 : : 40 : 17.85 per. 

2. In a triangle ABC, there are given the area 27 A. 
IR. 16P. and the base AB 35.20 ch., to cutoff 10 acres 
towards the angle B, by a line CD running from the 
angle C to the base : the part BD of the base is required. 

ilm. 12.87 ch. 

PROBLEM Vn. 

The area and tivo sides of a trianglfi being given^ to cut 
iff a triangle containing a given area, by a line running 
from a given point in one of the given sidesy and falling 
dn the other. 

RULB. 

As the given arefi of the triangle. 
Is to the area of the part to be cut off; 
«* So is the rectangle of the given sides. 
To a fourth term. 

Divide this fourth term by the distance of the given 
point from the angular point of the two given sides ; the 
quotient will be the distance of the required point from 
the same angle.* 



* DBMOHSTRATioif. From the demonstration to prob. S, chap. 8, we havev 
Fig. 89. rad : sin. A : : ABxAC : 2ABC, and rad. : nn. A : : APx AQ 
: 2APG; therefore (11 &16.5) 2ABC : 2APG : : ABxAC : APxAG,or 
4I5.5) ABC : APG : : ABxAC : APx AG; hence the troth of the rule n 
Mmiftet 
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BXAMPLBS. 



1. Given the area of the triangle ABC, Fig. 89, b * 
acres ; the side AB 50 perches, the side AC 40 perches, 
and the distance of a point P from the angle A, 36 
perches ; it is required to find a point G to which, if a 
lino be drawn from the point P, it shall cut ofif a triangle 
AFG containing 3 A. OR. 20 P. 

As the triangle ABC 800 sq. p. Ar. Co« 7.09691 
: the triangle APG 500 2.69897 

• • AByAC J^^ ^ ^'^^^^^ 

. . AJJXAi. <^(. 40 -' 1.60206 

: APxAG --------- 3.09691 

AP 36 log. 1.55630 

AG 34.72 per. 1.54061 

2. Given the area of a triangle ABC, 12 A. 1 R. 23 P^ 
the side AB 20 ch., the side AC 16.25 ch., and the dis- 
tance of a point P in the side AB, from the angle A 8.50 
ch. ; it is required to find the distance AG of a point 6 
in the line AC, so that a line drawn from P to G may 
cut ofif a triangle APG containing 3 acres. Ans. 9J25 ch. 

PROBLEM Vm. 

The area and base of a triangle being given^ to cut f^ a 
triangle containing a given area^ by a line running pc^ 
raUd to one of the sides. 

RULB. 

As the given area of the triangle, 
Is to the area of the triangle to be cut ofif; 
So is the square of the given base, 
To the square of the required base. 
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The square root of the result will be the base of the 
required triangle.* 

BXAMPIA8. 

1. Given the area of the triangle ABC, Fig. 90, 500 
square perches, and the base AB 40 perches ; it is re- 
quired to cut off 120 8q« per. towards the angle A, by a 
line DGr running parallel to the ^de BC. 

As the triangle ABC 500 - - - Ar. Co. 7.30103 
: the triangle ADG 120 2.07918 

f t AW 5 AB 40 1.60206 

I X Aur W B 40 1.60206 

: AD^ 2)2.58433 

AD 19.6 per. - 1.29216 

2. Given the area of a triangle ABC, 10 acres, and 
tiie base AB 25 ch., to find BD a part of the base, so that 
a Kne DG running from the point D, parallel to the side 
AC, may cut off a triangle BDG containing 4^ acres. 

i4n5.BD= 16.77 ch.t 



* The truth of this rule is manifest firom 19.6. 

This problem may be neatly constructed as follows : Let ABC, Fig. 00»be 
the given triangle, and AB the given base ; on AB describe the semicirck 
AEB, and take AF to AB in the ratio of the part to be cut off, to the whole 
triangle; draw F£ perpendicular to AB, meeting the semicircle in E, Join 
AE, and make AD equal to AE ; from D draw DG parallel to BC and the 
thing is done. For, join EB, and we have, by similar triangles, AB : AE 
: : AE : AF; therefore (20.6 cor. 2.) AB : AF : : A^ : AE^ (AD*) 
: : [19.6] ABC : ADG. 

t If it be required to produce two sides of a given triangle so hi that th« 
triangle formed by these sides produced, and a line drawn between them 
parallel to the third side, may contain a given area, it may be done by tho 
above rule. Thus, Fig. 90, ADG : ABC : : AD^ : AJBX 
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PEOBLEM IX. 

The hearings of two adjacent sides AD, AE, Fig. 91, ^ a 
tract cfland being given^ to cut (ff a triangle ABC con 
taining a given area by a line BC running a given course. 

RULB. 

From the giyen bearings of the lines, find the angles 
A, B, and C ; then, 

As the rectangle of the sines of the angles A aqd 3, 
Is to the rectangle of radius and sine of the angle C ; 
So is twice the given ar<ea, 
To the square of the side AB.* 

In like manner the other sides may be found ; or 
having found one side, the otliers may bo found by trig, 
case 1. 

BXAMPLBS. 

1. Let the bearing of AD, Fig. 91, be N. 87^ 3(y R 
and of AE, N. 2r SC E. ; it is required to cut off 10 
acres by a line BC running N. 38^ W. 



* The troth of this rule u evident iTom the demonstnitioB to prob. 4» 
chap, a 

CkmgtrwsHon, Dnw AD, AE, (Fig. 92,) according to the given boarings, 
and in AD take AF equal the square root of the given area, and on it describe 
the square AlfXrH ; make IE= AI, and draw ED, according to the reverse 
bearing of the division line BC, meeting AD in D ; on AD describe a semi- 
circle, and produce 6F to meet it in K, join AK and make AB equal to it ; 
draw BC parallel to DE, and ABC will be the triangle required. For join 
IF, £F and KD; then (31.S, and cor.a6) AD : AK (AB) : : AK (AB) 
: AF; or (cor. 19.6) AD : AF : : ADE : ABC; but (1.6) AD : AF 
: : ADE : AFE ; therefore (11.5) ADE : ABC : : ADE : AFF^ and coi»- 
•equently (9.5) ABC=AFE; hot because AI=IE, AFE=2AFI=(41.1) 
AFGH ; therefore ABC=AFGH=the given area of the triangle. 
15* 
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AD,N.8r3(yE. 

AE,N.27 30 R 



BA.s.sracw. 

BCN.38 00 W. 



CA, S. 2r 30^ W. 
CB,S.38 00 £. 



Angle A, 60 00 125 30 Angle C, 65 30 

180 00 



A- • Av. • D ^ A60'00 

As sin. A X sin. B, j Q g^ ^ 

J .r. S C 61 

: rad.X8in.C, J ^.^^ 



Angle B, 54 30 

A 60» OOf At. Co. 0.06347 

- 0.08931 



C65 30 9.95902 

- » . - - - - 10.00000 

: ; twice the given area, 200 sq. ch. - - • 2.30103 
. : AB» 2)2.41183 

AB 16.07 1.20591 

2. Given the bearing of one side of a tract of land, 
6. 53° 15' E., and the bearing of an adjacent side taken 
at the same angle, N. 55° 00* E., to cut off 4 acres by a 
line running N. 4° 00* W. ; required the distance on the 
first side. Atu. 9.76 ch. 



PROBLEM X. 

7%e hearings of three adjacent sides^ ElA, AB, BF, Fig. 93 
or 94, of a tract of land, and the length cf the middle 
tide AB, being given, to cut ^ a trapezoid ABCD, con- 
taining a given area, by a line DC, parallel to AB. 

RULB. 

From the given bearings find the angles A and B ; add 
these together, and take the difference between their sum 
and 180% and call it P. Then, 

As the product of the sines of A and B, 
Is to the product of radius and sine of P ; 
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So is twice the area to be cut off, 
To a fourth term. 

When the sum of the angles A. and B is greater than 
ISO"" add this fourth term to AB' ; but when the sum of 
these angles is less than 180% take the difference between 
this fourth term and AB^. The square root of the re- 
sult will be DC. Then, 

As the sine of P, 

Is to the sine of B, 

So is the difference between DC and AB, 

ToAD.* 



* DDCONBTBik.Tioii. Prodoce EA ud F% Fig* 95, to meet in P. Then 
(19.6) PDC : PAB : : CD« : ABi, or (17.6) ABCD : PAB : : CDS— AB» 
: AB3, or (A.5) PAB : ABCD : : ABs : CDS^AB^, or (15.16.5) 2PAB : ABi 
; : 2ABCD : CDS— AB^. Bat by the demonBtration to prob. 4, chap^ 3> 
2PAB : AB^ : : sin. AXsin. B : rad.X8m. P. Consequently, (11.5) 

am. AXflin. B : nuLxsin. P : : 2ABCD : CDft— AB^. 

Now it is plain that AB^ added to this fourth term, gives CD^. A similar 
demonstration applies when the sum of the angles A and B is less than 190^, 
as in Fig. 94. The latter part of the rule does not require demonstration. 



Conttructian. Draw Al, F^. 08, perpendicular to AB, and make it equal 
to the quotient of twice the given area divided by AR From I, draw IH 
parallel to AB meeting A£ and BF, in G and 11, and on GH, describe the 
semicircle GMH. From A, draw AL parallel to BF ; and mako LM perpen- 
dicular to GH. With the distance HM and centre H, describe the arc MN ; 
and from N, draw ND parallel to AL. Lastly, draw DC parallel to AB, and 
it will be the division line required. For join BD, BG, and (Xr, Fig. 95. 
Then by similar triangles PG : PD : : GH : DC : : GH : HM : : HM 
: HL : : DC : AB : : PC : PE Honco (3.6) CQ is parallel to BD; and 
consequently the triangle BDC is equal to BGD. To each of these, add ABD. 
Then we have ABCD=: ABG. But it is plain from the construction that ABG 
Is equal to the given area. Hence ABCD is equal to the given area. 

When the sum of the angles A and B is {est than 180®t at in Fig. 04» 
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EXAMFLRS. 

1. Given the bearing of EA, Fig. 93, West, AB, N. 
10" E. dist 15 ch. j and BF, N. 58° aO" R to cut off 10 
acres by a Ime CD, running parallel to AR Required 
the length of the division line and the distance AD. 

AE, N. 90" E. BF, N. 58° 3(y E. A, 8(f a 

AB, N. 10 E. BA, S. 10 W. B, 131 30 

A =80° 48° 30 211 30 

180 180 

B=131 30 P=31°30' 

AsBin AvsinB 5^» ^^ ^''^' ^'^^^ 
ASBm.AXsin.u,<g J3J 3(j 0.12554 

•RadvsinP 5^^* 10.00000 

.Kaa,xsin.r, J p^ 31 30 .... 9.71809 

: : twice the given area 200 sq.'ch. * • • 2.30103 

: fourth term 141.68 2.15131 

AB'=225. 

DC= v' 366.68=19.15 ch. 

As sin. P, 31° 30^ - - Ar.Co. 0^28191 

: 8in.B, 131 30 9.87446 

: « DC— AB, 4.15 0.61805 

: AD 5,95 0.77442 



Uie semicircle must be described on AB; the point L most be deter- 
mined by drawing 6L parallel to FB : and the arc MN most be described 
with the radius BM and centre BL The other parts of the construction are 
the same 'as before. 
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2. Given the bearings of three adjacent sides of a 
tract of land and the length of the middle one 9s fdlow ; 
Ist. N, 20^ W.j 2d. N. 60^ 3(y Rdist 6ch.; 3d. S. 6V 
B(y E. ; to cut off a lot containing 2i acres, by a line 
parallel to the 2d side. Required the length of the di- 
vision Une and the distance on the 1st. side. 

Ans. Division Une 8.70 ch. ; distance on 1st 

side 3.45 ch. 

3. Given as follow; 1st side N. 31^ 15' W. ,• 2d. N. 
58^ 45' R dist 13.50 ch. ; 3d. S. 14^ 45' E. ; to cut off 8 
acres by a line parallel to the 2d. side. The length of 
the division line and the distance on the 1st side are re- 
quired. Ans* Division line 11.61 ch.; distance on 

the Ist side &38ch. 



PROBLEM XI. 

J%e bearings of three adjacent sides EA, AB, BF, Fig. 96, 
i^a tract ofiand^ and the length of the middle side AB 
^^S ^^^ to cut off a trapezium^ ABCD, containing a 
given areoj by a line CD, running a given course. ' 

BULB. 

Draw AS parallel to BF, meeting CD or CD pro- 
duced, in S. From the given bearings, fibad the interior 
angles A, B, C, and D ; add A and B together, and take 
the difference between their sum and 180% and call it P. 
Then, 

As the product of the sines of C and D, 
Is to the product of radius and sine of P ; 
So is twice the area to be cut oi^ 
To a fourth term. 

Z 
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AIsOi as the product of the sines of C and D, 
Is to the product of the sines of A and B ; 
So is AB^ 
To a fourth term. 

When the sum of the angles A and B, is greater than 
180% add these two fourth terms together; but when 
the sum of these angles is less than 180% take the differ- 
ence of the fourth terms. The square root of the result 
wiUbeCD. Then, 

As, sin. C : sin. B : : AB : CS. 
The difference between CD and C8, gives DS. Then, 
As, suh P : sin C : : DS : AD.* 



* DmoRvnuTum. Prodace EA and FB^ Tig.VJ^ to meetin P; drew AR 
•lid BU, each parallel to CD, and let VW, also parallel to CD, make the 
triangle PVW equal to PAR Then (15.6) PA : PV : : PW : PB; bat 
(4.6) PA : PV : : AR : VW, and PW : PB : : VW : BU. Therefore 
(11.5) AR : VW : : VW : BU, and hence (17.6) ARxBU=VW«. Bat 
^ bj trigonometiy, 

As sin. ARB (ain. C) : sin. B : : AB : AR, 
nn. AUB (sin. D) : sin A : : AB : BU. 

Hence (23.6.) As sin. Cxsin. D : sin. Axsm. B : : AB^ : ARxBU 
Or, sin. Cxain. D : sin Axsin. B : : AB^ : VW». 

And by the demonstration to the rule in the last problem, we haw 
sin. Cxsm. D : rad.xsin. P : : 2VWCD (2ABCD) : CD8-VW*. 

The sam of these fourth terms gives CD>. The demonstretion is similart 
when the sum of the angles A and B is less than ISO*'. 

Conitruction, From B, FHg. 96, drew BU according to the roTerse bear- 
ing of the division line DC, meeting EA or £A produced in U. Make AI 
perpendicular to AB, and equal to the quotient of twice the given area, divi- 
ded by AB. Drew IG parallel to AB; GH parallel to BU; and UL panllel 
lo BF. On GH, describe the semicircle GMII, and make LM perpendicular 
to GH ; with the radios HM and centre H, describe the arc MN ; and from N, 
drew ND parallel to UL. From D, drew the division line DC parallel to BU. 
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BXAXFLBS. 

1. Let the bearings of EA, Fig. 96, be N. 80° 3(X W. ; 
AB, North) dkt. 12 ch.: and BF, N. 58** E. ; it is re- 
quired to cut off 10 acres by a line DC, running N. 14* 

saw. 

« 

AE, S. 80' 30^ E. BF, N. 58» E. CB, S. 58' 00* W 
AB,N. 00 E. BA,S. E. C3),S. 14 30' E 

80 30 68 C=:73"30^ 

180 . 180 

A=: 99' 30" B=122 

I 

DA, N. 80' 3a W. , A = 99' 30^ 

• DC,N. 14 30 W. B=122 00 

D=66'0a 221 30 

180 00 

|^r=41 30 

»-J;« rx^-;« n5C>72'3a- - -Ar.Co. 0.02058 
ABBm.V/X8in. i/< jj ggQQ _ _ _ 0.03927 

• radxsin.? J"'^ 10.00000 

♦ »a-xsm.r, J p^ 41 30 9.82126 

: ; twice the giren area 200 sq. di. • - - 2.30103 

. fourth term 152.1 2.18214 

t 

When the anm of the anglee A and B m lea than 180°, the mnieirde 
moat be deaeribed on BU; the (Kunt L miut be determined by drawing OIL 
parallel to BF, and the arc MN moat bo deaoribed with the radioa BM and 
centra SL 

ThedenxinfltratuniseiBctljthieiuMuthatfor the coDftroetion of tbt 
kit proUem. 

12 
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A-«;« Pv/ • n SC 72°3(y i\r.Co. 0.02058 
iiS8m.v.xsin.i^, < J) 06 00 - 0.03927 

.;» As/«n -R ]^ ^30 - ' >■ - -9.99400 
, Bm.Axsm.JJ, <g ,22 00 9.92842 

.pa 5AB12 1.07918 

••^^ Jab 12 - - , - -1.07918 

: fourth tenn 138J24 2.14063 

fourth term 152.10 

DC=v^ 290.34= 17.04 

As sin. C 72" 30 Ar. C5o. 0.02058 

: sin. B 122 00 7 - - d.92842 

::AB12 1.07298 

: CS 10.67 1.02818 

DC 17.04 

DS 6.37 

Assm.P.4r30^ - Ar. Co. 0.17874 

:sin.C72 30 9.97942 

::DS 6.37- --.-----.. 0.80414 

i AD 9.17 0.96230 

2. Given the bearings of three adjacent sides of a tract 
of land and the length of the middle one as follow: 1st. 
N. 31' 15' W. } 2d. N. 58" 45' E. dist. 13.50 ch. j 3d. S. 
14" 45' R; to cut off 8 acres by a line from the Ist. side 
to the 3d. running S. 87° 30 E. ; required the length of 
the division hne and the distance on the 1st side. 

Jju. Divisi<» line 12.76 ch. ; distance 
1st. side 2.69 ch. 

3. Given as follow j 1st side, N. 74° 45' W. ; 2d. N. 
ar R dist. 17.24 ch. ; 3d.N. 84"Rj to cut off a field 
oootaining 20 acres, by a hne firom the 1st side to the 3d 
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running N. 20^ E. The length of the division line and 
the distance on the 1st side are required. 

Ans. Division line 19,68 ch. ; distance 
on 1st. side 14.01 ch« 



PROBLEM Xn. 

The bearings ofseoeral adjacent sides^ EA, AV, VW, WX, 
XB, BF, JPtg-. 98, (^ a trad of land^ and the distance of 
eachj except the first and lastj being given^ to cut i^ a 
given area^ by a line DC, running a given course. 

EULB. 

Join AB and calculate the area of AV WXB A, and 
the bearing and distance of AB. Subtract the area of 
AVWXBA from the area to be cut off, the remainder 
will be the area of ABCD. Then with the bearings of 
EA, AB, BF, DC, the distance AB, and the area of 
ABCD, proceed as in the last problem. 

. . EXAMPLES. 

1. Let the bearing of EA, Fig. 98, be N. 48° SC W. 
AV, S. 78" W. dist. 8 ch.; VW, N. 26" SOf W. dist 
11.08ch.} WX, N. 38" SCy R dist. 12.82 ch.; XB, S. 
64° E. dist. 10.86 ch. ; . and BF, S. 86° E. It is required 
to cut off 30 acres by a Une DC, running N. 32° 15' E. 



Stat 


Bearing. 


Dist. 

aoo 

11.08 
12.82 
10.86 


N. 


a 


E. 


W. 


E.D.D. 


W.D.D. 


Multi- 
pliers. 


N.Ar. 


a Areas. 


AV 

VW 

WX 


a78^W 




1.66 




7.Q3 




12.79 


0.00 E 






N.S^W 


9.91 
10.03 




7.98 


495 




lfe.78 


12.78 W 




120,6498 


N.384E 




ao3 




9r75W 




97.7925 


XB 


& 64 E. 




4.76 


9.76 




17.74 

• 




7.99 E 




38.0324 


BA 






19.94 


(13.52) 


17.74 


(4.96) 
17.74 


480 




12.79 E 




172.9208 




19.94 


25.57 


25.57 






435 3955 


1 ,..-.-, ... J 
lg dq. ell. 21 


17.69775 
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8q. ch. 

Area to be cut off 300. 
Area of AVWXBA 217.69775 

AieaofABCD 83.30225 

A8diff.ofIat.ofBA, 13.52^. Ar.Co. 8.86903 

I dep. do. - - 4.96 W. 0.69548 

::rad. 10.00000 

: tai)gofbearingofBA,S.20°9'W. - - > 9.56450 

a Asrad. Ar.Co. 0.00000 

: sec of bearing 30* 9* 10.02743 

::diffofIat 13.53 ...... 1.13098 

: BA 14.40 1.15841 

The angles, found from the bearings, are Asrlll** 31', 
3=106° 9*, C=61° 45', D=80° 45' and F=dT 30". 

A8Bm.uxsm.ii< jjg^^5_ . . 0.00568 

«.jN^aJ« P Srad. - - - - - - 10.00000 

: ra<i.xsin.r, ^p^37 3o 9.78445 

• : twice the area ABCD 164.6 sq. ch. - - 3.21643 

: fourth term 115.25 2.06164 

Aamn Cvsin D ^C» ^^^ ^^' ' ^'^' ®-<>5508 

AB sm. v/xsin. ^> ^jy^ 80 45 - 0.00568 

• A vy • u 5 A, 111 21 - - - - 9.96912 

: Bin. AxsuuBi jB^ioe 9 .... 9.98351 

A« 5 AB, 14.40 .... 1.15836 

•'^^ ^AB, 14.40 .... 1.15836 

I fourth term 313.36 233911 

do. 165J25 

DC= v^ 338.61:^18.13 
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As sin. C, 61° 45' Ar.Co. 0.05508 

: sin. B, 106 d 9.98251 

: : AB, 14.40 ....... 1.15836 

: CS, 15.70 1.19595 

As sin. P, 3r 30* Ar.Co. 0.21555 

; sin. C, 61 45 9.94492 

::DS,2.43 - - 0.38561 

: AD, 3.52 * 0.54608 

2. Given as follow; Ist. side, N- 62** 15' W. ; 2d. N. 
19^ R dist 18 ch. ; 3d. S. 77^ E. dist 15.25 ch. } 4th. & 
27* E. ; to cut off 35 acres by a line, from the first side 
to the last, running N. 82"" SO' E. Required the length 
of the division line, and the distance on the first side. 

Ans. Division line 22.98 ch. ; distance on Ist. 

side 5.14 ch. 



PROBLEM Xm. 

T%e bearings of several adjacent sides^ AB, BC, CD, DE, 
Fig. 99, of a tract of land, and the distance of each^ ex- 
cept the last, being given, to cut off a given area by a line 
AH running from the angle Atf and falling on thM 
sideJyEu 

RtJLB. 

By Prob. 9, chap. 1, change the bearings of all the 
given sides, so as to make the side, on which the division 
line is to fall, a meridian. 

With the given distances and changed bearings, find 
the corresponding differences^of latitude and departures; 
add together the numbers in each departure column, 
and take the difference of their sums, which will be the 
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departure of the division line, and must be placed in the 
proper column, opposite said line. Then having all the 
departures, find the double departures, as in ProK 11. of 
the last chapter. Find also the multipliers, beginning 
with the one to correspond with the division line, and 
assuming it ; multiply the known differences of latitude 
by their corresponding multiphers, and place the pro- 
ducts in the proper columns of north and south areas. 

Add together the products in each of the columns of 
areas, and subtract the less sum from the greater ; take 
the difference between the remainder and double the area 
to be cut off, and divide it by the multiplier correspond* 
ing to the side on which the division line is to fall ; the 
quotient will be the difference of latitude of this side, 
which place against it, in the column of north or south 
latitude, according as its changed bearing is north or 
south. Then add together the numbers in each latitude 
column, and take the difference of their sums, which will 
be the difference of latitude of the division line, of the 
same name with the less sum. 

With the difference of latitude and the departure of 
the division line, find, by Prob. 10, chap. I, its changed 
bearing and its distance. Then find the true bearing by 
note to the rule in Prob. 9, chap. 1.* 

EXAMPLES. 

1. Let the bearing of AB be N. 62F W. 14.75 ch.; 
BC, N. 19^ R 27 ch.; CD, S. 77° E. 22.75ch.; and 
DE, S. 2T' R ; it is required to cut off 70 acres by a 
line AH, running from the angle A and falling on the 
side DR 



The reaam of this rule is sofficiently obvioua without a demoiistratioB. 
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As diff. lat of HA, 5.32 S. - - Ar. Co. 9J28333 

. dep. do. 28.33 W. 1.45225 

•:rad. .--- 10.00000 



: tang, changed bear, of HA, S.79° 34' W. 1073458 

Subtract 27 00 



True bearing of HA, S. 52 34 W. 

2A 
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Asrad. Ar. Co. 0.00000 

: sec changed bearing of HA, 79° 34' - 10.74210 
: : diflC lat 5J22 0.71767 

: dist AH, 28.83 1.45977 

Hence AH, bears N. 52° 34' R dist 28.83 ch. 

* 

2« Giren as follow : IsL side S. 78^ W. 8 ch. ; 2d.N. 
26J^ W. 11.08 ch. ; 3d. N. 38i^ E. 12.82 ch. ; 4th. S. 64* 
K 10.86 ch. ; 5th. S. 23FE. ; to cut off 25 acres by a line 
running from the place of beginning, and falling on the 
5th. side ; required its bearing and distance. 

Ans. N. 45^ 1' R dist. 10.67 ch. 



PROBLEM XIV. 

ne sides AB, BC, CA, Fig. 100, of a triangular piece of 
ground being given^ to divide it into two parts having a 
given ratio^ by a line FE, running parallel to one of the 
sides as BC* 

RtJLB. 

As the sum of the numbers expressing the ratio of the 

parts, 
Is to that number of the ratio which corresponds to the 

part to be adjacent to A ; 
So is the square BC, 
To the square of FE. 

Then, As BC : AB ; : FE : AF.* 



* Demohstratioh. Let m to n be the ratio of the port AFE to the pai^ 
FBCB; then (ia5) m+n : m : : ABC : ADE : (10.6) BC : FE>. 

Cknutruetum, On.AB describe the Bemicircle AMB, and by Prob. 17* 
PiRge 34, divide AB in K, so that AE may be to KB in the given ratio of the 
mtt AFE to tbe fMurt FBCB; draw KM perpendieukr to AB» meeting th« 
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EXAMPLES. 

1. Let AB be 21.26 ch. ; BC, 12.76 ch.; and AC, 19.30 
ch. ; it is required to divide the triangle by the Une FE, 
parallel to BC, so that the part AFE may be to the part 
FECB as 2 to 3. 

As 5 : 2 : : 12.76« : FE?=:65.12704. 

FE=v^ 65.12704=8.07 
As 12.76 : 21,26 : : 8.07 : AF= 13.45. 

2. The three sides of a triangular piece of land, taken 
in order, measure 15, 10, and 13 chains respectively; it 
is required to divide it into two equal parts by a line 
parallel to the second side. What will be the length of 
the division Une and its distance from the place of begin- 
ning, measured on the first side ? 

Ans. Division line 7.07 ch.; dist. on 1st. side 10.61 ch. 



PROBLEM XV. 

The bearings and distances of the sides AB, BC, CA, Fig. 
101, of a triangular piece of ground being given^ to di^ 
vide it into two parts having a given ratioj by a line FE^ 
running a given course. 

BULB. 

As the product of the sines of F and E, 
Is to the product of the sines of B and C ; 



•fjmicircle in H, and with the ndiae AM and centre A, deKribe the are MP* 
From F, draw the division line F£ parallel to BC. Since, (35^ and cor. 
S.6) AB : AM(AP) : : AM (AF) : AK, we%avo (20.6cor.2) AB : AK : : Afli 
AF3 : : ABC : AFEL Hence iho truth of the construction is evident. 
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So is the square of BC, 

To a fourth term. 
Multiply this fourth term by that number of the ratio 
which corresponds to the part to be adjacent to the angle 
A, and divide the product by the sum of the numbers ex- 
pressing the ratio. The square root of the result will be 
FE. Then, 

As sin. A : sin. £ : : FE : AF.* 



fiXAHPLBS. 



1. Let the bearing of AB, be S.82i''Rdist. 14.17 ch.; 
BC, N. 18i^ W. 8.51 ch. ; and CA, S. 61i" W. dist. 12.87 
eh. ; it is required to divide the triangle by the line FE^ 
running N. 14|'' E. so that the part AFE may be to the 
part FECB m the ratio of 2 : 3. 



* Demonsttration. Draw CG and BR, Fig. 10% each parallel toEF ; and 
let V W, also parallel to EF, make the triangle AVW equal to ABC. Then 
(15.6) AB: AV:: AW: AC; bat (4.6) AB: AV: : BR: VW, and AW 
: AC : : VW : GC. Therefore BR : VW : : VW : GC ; and hence (17.6) 
BRx GC=VW». But by trigonometry, 

Ab sin. R (sin. £) : sin. C : : BC : BR, 
sin. G. (isin. F) : sin B : : BC : GC. 

Hence (2a6) sin. £x sin. F : sin.Bxsin.C : : BC : BRxC^C :: fiC 
:VW«. 

Also, m+n : to : : ABC : AFE : : AVW : AFE: : (19B) VW« : FP. 

ConstrucHon, From C, Fig, 101, drew CG according to the reverse bear- 
ing of FE, and on AG describe the semicircle AMG. By probi 17, page 84, 
divide AB in.K, so that AK may be to KB in the given ratio of the part AFB 
to the part F£X)B. Draw KM perpendicular to AB, and with the radius AM 
and centre A, describe the arc MF. From F, and parallel to GC, draw FE 
the required division line. For join KC, Fig. 102 ; then (1.6) KC divides 
the triangle in the given ratio. Now AC : AE : : AG : AF (AM) : : (cor. 
9.6) AM (AF) : AK ; therefore (11^) AC : AE : : AF : AK,and hence (15.6) 
the triangle AFE is equal to AKCf Conseqaently FE divides the triangle in 
the given ratia 
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Angle A=36i°, B=63i% C=80i% £=464" and F=83°. 

A»«™P-s/-JnP 5 E, 46° 45' Ar.Co. 0.13765 
Assm.l!.X8m.i<, <p 83 OO 0.00325 

• Bsy •« r SB, 63 30 9.95179 

zsuLJJXwn. 1^, ^c, 80 15 9.99368 

P^ 5BC, 8.51 0.92993 

: : JK. , J BC, 8.51 0.92993 

: fourth term 88.35 1.94623 

2 

5)176.70 

FE= v' 35.34=5.95 * 

As sin. A, 36M5' Ar. Co. 0.22819 

: sin. E, 46 45 9.86235 

': : FE, 5.95 0.77379 

: AF, 7.32 0.86433 

2. The bearings and distances of a triangular piece of 
land ABC are, AB, S. 69° E. 21.40 ch. ; BC, N. 31i E. 
18.66 ch. J and CA, S. 74i W. 30.85 ch. ; and it is re- 
quired to divide it by a line FE), running due north, so 
lliat the part AEF, may be to the part FECB, as 4 to 5. 
What will be the length of the division line FE, and thfl 
distance AF ? Ans. FE 10.74, and AF 17.40. 

I 

PROBLEM XVI, 

The bearings and distances of the 'sides AB, BC, CD, DA, 
Jig. 103, (f a trapezoidal trad of land being given, to 
divide it into two parts having a given ratio^ by a line 
FE, running parallel to the parallel sides AB, CD. 

RULE. 

Multiply the square of AB, by that number of the ra- 
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tio which corresponds to the part, to be adjacent to CD, 
and the square of CD, by the other number of the ratio. 
Add the two products together, and divide the sum by 
the sum of the numbers expressing the ratio.. The 
square root of the quotient will give FE. Then, 

As DC^-AB : FE— AB :: AD : AF.* 



EXAMPLES. 



1. Let the bearing of AB beN. 14**E.dist. 10 ch. BC, 
N. 55i^ E. dist. 18.67 ch. ; CD, S. 14** W. dist. 20.98 ch. ; 
and DA, W. 12.70 ch. ; it is required to divide the trape- 
zoid into two parts by a line FE, parallel to AB or DC, 



* DraioiwnuLTioir. Produce DA and CB, Fi;. 104, to meet in P. Then 
(19.6) PDC : FAB : : CI^ : AB», or (17.5) ABCD : : PAB : : CD^AB* 
: AB", or (16.6) ABCD : CD«— AB' : : PAB : AB». In like manner ABEP 
: FE^-AB» : : PAB : AB«. Hence (11.6) ABCD : CD«— AB» : : ABEP : FE? 
— AB», or (lft6) ABCD : ABEF : : CD»— AB^ FE?— AB*. Therefore m+n 

: m : : CD*— -AB* : FE^— AP, or multiplying eztreroes and mean% m-i-n FB* 

— fli+iL AB»=m. CD*— m. AB*. But (m+n.) AB^=m. AB'+n. AB?. There- 

fore, adding equals to equals, we have m+nTFE^tn. CD*-f n. AB?. Hence 
the truth of the rule is evident 



Cbfwf rficfiofi. Join CA, Fig. 103, and parallel to it, draw BH, meeting 
DA produced in H. Divide (prob. 17, page 34) HD in K so that HK may be to 
ED in the given ratio of ABEF to FECD, and draw KL parallel to BC. On 
CD, describe the semicircle CMD,and draw LM perpendicular to CD. With 
the radius CM and centre C, describe the arc MN, and from N draw NF 
parallel to KL. From F, draw the division line FE panllel to AB or CD. 
For join KC, Fig. 104, and draw EU parallel to AB. Then since BH is 
parallel to AC, the triangle AHC is equal to ABC ; and adding ADC to each, 
we have CHD= ABCD. Now (4.6) PC : PE : : CD : FE (CM) : : (cor. a6) 
CM(EF):CL (UK) : : PP : PK Therefore (11.6) PC:PE::PF:PK 
and hence (16.6) the triangle PEF is equal to PCE. Consequently CKD= 
FECD. But it has been proved that CHD= ABCD ; hence* taking equals 
from equals we have HCK=ABEF. But (1.6) HCK : CKD : : HK : KD 
: : 01 / n. Therefore ABEF : FECD ::m:fL 
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SO that the part ABEIF may be to the part FECD 
a83to2. 

2. AB«=200. 
3. CI>'= 1320.4812 



5)1520.4812 

FE= ^/ 304.0962= 17,44 

As 10.98 : 7.44 : : 1^70 : AF=8.61 

2. The boundaries of a trapezoidal field ABCD are 
given as Mow ; viz. AB, N. 80^ W. 60 per. ; BC, N. 39i^ 
W. 45.5 per. j CD, S. 80^ R 89.4 per. ; and DA, South, 
30 per. ; and it is required to divide it into two equal 
parts by a Une FE parallq} to AB or CD. What will be 
the length of the division Une FE^ and the distance AF ? 

Ans. FE 76.13 per., and AF 16.46 per. , 



PROBLEM XVEL 

The bearings and distances of the sides AB, BC, CD, DA, 
Fig* 105, ^ any quadrilateral tract of land being given^ 
to divide it into two parts hamng a given ratio, by a line 
FE^ running parallel to one of the sides as AB or CD. 

BULB* 



Call the side to which the division line is to be parallel, 
the parallel side ; and the one opposite to this, the (y)po- 
$ite side. From the bearings, find the angles. Take the 
difiference between the sum of the angles adjacent to the 
parallel side and 180% and call it P. Then, 
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As the product of the sines of the angles adjacent to 

the pafaflel side, 
Is to the product of the sines of the angles adjacent to 

the opposite side : 
So is the square of the opposite side, 
To a fourth term. 

Multiply this fourth term by that number of the ratio 
which corresponds to the part to be adjacent to the 
paraUel side, and to the product add the product of the 
square of the parallel side by the other number of the 
ratio ; and divide the sum by the sum of the numbers 
expressing the ratio. The square root of the quotient 
will be the length of the division line FE. Then, 

As the sine of P, 
Is to the sine of E ; ^ 

So is the difference between FE and the parallel side, 
To the distance of F from the adjacent end of the 
parallel side,* 



* Devonbtratioh. Prodace DA and CB, JFV^. 106» to meet in P. Dnw 
DR and CGeach parallel to AB ; and let VW, also parallel to AB, make the 
triangle PVW equal to. PCD. Then (15.6) PD : PV : : PW : PC. But 
(46) PD : PV : : DR : VW, and PW : PC : : VW : CG. Therefore (11.5) 
DR : VW : : VW : CG; and hence (17.6) DRx CG=VW8. But by trigo- 
nometiy. 

As sin. CRD (sin. B) : sin. C : : CD : DR. 
sin. CGD (sin. A) : sin D : : CD : CG. 
Henee (23.6.) sin. Axsin. B : 'sin. Cxsin. D : : CD» : DRxCG. 
Or, sin. AXsin. B : sin Cxsin. D • : DC^ . VW8. 

But by the demonstration to the rule in the last problem, we hayv 

m+ri FE2=OT. VWH-n. AB». 
Henee the truth of the rule ia evident 

Construction, From C, Fig, 105, draw CG parallel to AB, and (m it d6» 
feribe the semicircle CMG. 



CHAP. IT.] LAYING OUT AND DIVIDING lAMD. . 1^ 



EXAMPLES. 

1. Let the bearing of AB be North, 12 ch. ; BC, N. 
56i° R 20.78 ch. j CD, S. 33i" K 22J21 ch. j and DA, S. 
80|^° W. 30 ch. ; it is required to divide the tract into 
two parts hy a line FE, parallel to AB, so that the part 
ABEF may be to the part FECD as 3 to 5. 

Angle A=80i^ B= 123J°, C=90% D=66°, and P=24°. 

As sin Avsin B. 5 ^' ^"^ ^'^' ^'^^^^^^ 
Assin. Axsm.jj,<g^ 123 30 - 0.07889 

•sinCxsinD J^' ^^ - - - - 10.00000 
. Bm.v.xsm.u, < jj^ 66.00 9.96073 

..m« 5 CD, 22.21 1.34655 

..^ir {CD, 22.21 1.34655 

: fourth term 547.92 2.73872 

3 



1643.76 
5AB*=720.()0 



8)2363.76 



• FE=v/ 295.47= 17.19 , 

As. sin. P, 24'<Ky Ar. Co. » 0.39069 

: sin. E, 123 30 9.92111 

: : FE-AB, 5.19 0.71517 



: AF, 10.64 1.02697 



Join CA, and draw BH parallel to it meeting DA produced in H. Divide 
HD in E, 80 that HE may be to ED in the given ratio of the part ABEF to 
FECD. Draw EL parallel to BC and LM perpendicular to CO. With the 
radius CM and centre C, describe the arc MN. Draw NF parallel to EL 
and FE parallel to AB. Then will FE be the division line. When the di« 
vision line is to be parallel to CD, the semicircle must be described on CD; 
and the line CG need not be drawn. The demonstration of the conBtnictioQ 
is the same as jbr the last problem. 

17 2B 
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2. The boundaries of a field ABCD are given as fol- 
low : viz, AB, & lOi*^ W. 7.20 ch.j BC, S. 6T W. 12.47 
ch. ; CD, N. 23** W. 13.33 ch. ; and DA, S. 8^ R 18 ch. ; 
and it is to be divided into two parts by a line FEI, paral- 
lel to the side AB, so that the part ABEF may be to the 
part FECD, as 3 to 4. Required the length of the divi- 
sion Une FE, and the distance AF. 

Ans. FE 10.69 ch. ; and AF 7.15 ch. 

3. Given the boundaries of a field the same as in the 
preceding example, to divide it into two parts by a line 
FE, paraUel to the side CD, so that the part ABEF may 
be to the part FECD, as 3 to 4. Required FE and AF. 

Ans. FE 10.14, and AF 10.16. 

PROBLEM XVffl. 

The bearings and distances of the sides AB, BC, CD, DA, 
Fig. 107 t of any quadrilateral tract ofland^ being givenj 
to divide it into two parts having a given ratio by a line 
FE^ rvnning a given course from some point in AD to 
another in BC. 

RULB* 

• * 
From A, draw AS paraUel to BC, meeting FE in S. 

From the bearings find the angles A, B, C, D, E, and F.* 

Take the difference between the sum of the angles A and 

B, and 180^ and call it P. Then, 

As the product of the sines of the angles E and F, 
the product of the eines of the angles A and B, 
: the square of AB, 
a fourth term. 

Also, As the product of the sines of the angles E and F, 
: the product of the sines of the angles C and D , 



* It is immaterial whether it 10 the angle BEF or C£F, that is found, also 
whether, AFE or DFB. 
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: : the square of CD» 
: to a fourth term* 
Multiply this latter fourth term by that number of the 
ratio which corresponds to the part to be adjacent to AB, 
and the other fourth term by the other number of the 
ratio ;' add the two products together, and divide the sum 
by the sum of the numbers expressing the ratio. The 
square root of the quotient will give the length of the di- 
Tision line FE. Then, 

As sin. E. : sin. B : : AB : ES. 
The difference between FE and ES, gives FS. Thcin, 

As sin. P. : sin. E : : FS : AF.* 

BXAMPLBS. 

1. Let the bearing of AB be North, dist. 12 ch. ; BC 
N. 56i^ E. 20.78 ch.; CD, S. 33^ E. 22.21 ch.; and DA,S. 
80}^ W. 30 ch. ; it is required to divide the tract into 
two parts by a line FE, running N. 20^ W. so that the 
pa^ ABEF may be to the part FECD as 3 to 5. 

Angle A=80r, B=123i% C=90% D=66% E=?76i% 
F=79t' and P=24^ 

.„ . P^- V S^ ''6^3ff Ar.Co. 0.01217 
AB8m.i:-Xsin.r, < p^ ^g g^ 0.00733 

sin.Axsin R U, 80 30 ... - -9.99400 
.sin.Axsm.n, Jb^|23 30 9.92111 

.™ 5 AB, 12 1.07918 

:tAt3 Jab, 12 1.07918 

: fourth term 123.87 2.09297 

5 



619.35 



* The tnitfa of this rule k evident ftom the demoratnitioD to the rule fai 
the last problem. 

ConHrucUon, Draw 06 according to the reverse bearing of FE| and then 
proceed with the construction exactly as m the last problem. 

13 
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AsainEvsmP^^ 76° 30 - Ar. Co. 0.01217 
Assm.h^xsin.l', ^p^ 79 30 - — -^ »O.0OT33 

. sin Cvsin D f ^ 90 00 - - - - lOiOOOOO 
.8m.^xsm.ii, ^jj^ 66 00 - - - - 9.96073 

..rw 5 CP, 32.21 - - - - 1.34655 

* • ^^' } CD, 22:21 - - - - 134655 

a 

t fourth term 471.33 ...-.;... 2.67393 

3 

I4ta.99> , 
619.35 

8)2033.34 

FE=v^ 254.17= 15.94 

As Bin. E, 76° 30^ - - - - - - Ar.Co. aoi217 

. : sin. B, 123 30 t-> 9.92111 

«:AB, 12 - 1.07918 

: ES, 10.29 1.0MJ46 

Ab sm. P, 24° 00^ Ar.Co. 0.390Q9 

:8m.E, 76 30 - - - - 9.98783 

::FS,5.65 ---.-.--.-- 0.75205 

: AF, 13.51 .----.---.- 1.130ff7 

2. iThe boundaries of a field ABCD are given as fol- 
low : viz, AB, & lOi*^ W. 7-20 ch. ; BC, S. 67^ W. 12.47 
ch. : CD, N. 23' W. 13.33 ch. ; and DA, S. 89* E. 18 ch. ; 
and it is to be divided into two parts ABEF and FECD, 
in the ratio of 3 to 4, by a line FE, running due South. 
Required the length of the division Une FE and the 
distance AF. Ans. FE 10.10 and AF 8.12. 
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PROBLEM XIX. 

The boundaries (fa tract of &nrf ABCDEFGHIA, Fig. 
108, being given^ to divide it into two equal parts by a 
line IN running from the corker I, and falling on the 
opposite side CD. 

RULB« 

Suppose titles drawn from I, to C and D, and calculate 
the area of the whole tract* 

Take the corrected latitudes and departure^* of I A, 
AB, and BC, and by balancing find the latitude and de- 
parture of GI ; also calculate the area of the part lAQCI ; 
from half the area of the whole tract, subtract the area of 
the part lABCI, the remainder will be the .area of the 
triangle ICNI. 

Take the latitudes and departures of IC and CD, and 
by balancing find the latitude and departure of DI, and 
calculate the area of the triangle ICDI. Then, 

• 

As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the latitude of CD, 
To the latitude of CN. 

Also, As the area of the triangle ICDI, 
Is to the area of the triangle ICNI ; 
So is the departure of CD, 
To the departure of CN* 



* It is the corrected latitudes and dcpartaxcB that are to bo oaed thnogl^ 
oat tho calculation. * 
17* 
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Now take the latitudes and departures of IC and CN^ 
and by balancing find the latitude and departure of the 
division line NI; with which, find its bearing and 
distance.* 

EXABIPLBB. 

1. Letthebearingof ABbeN.19''Kdist27ch.;BC, 
&7rR22.75ch.; CD, S. 2r E. 28J5 ch. ; DE,S.5y 
W. 14.50 ch. ; EF, S. 15J^ E. 19 ch. ; FG, West, 17.72 
ch.; GH,N. 36^ W. 11.75 ch.; HI, North, 16.07 ch., 
and lA, N. 62° W. 14.88 ch.; it is required to divide the 
tract into two equal parts by a line IN running firom the 
comer I, and falling on the opposite side CD. 

First calculate the whole area, thus : 



role needs no demoottntioo. 
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To find the latitude and departure of CI, and area of the 

part lABCI. 



Sta. 

AB 

BC 


N. 


8. 


E. 


W. 


E.D.b.W.D.D. 


MulL 


N. A. 


8. Areas. 


6.97 






13.18 




30.98 


0.00 E 






2551 




8.80 






4.:j3 


4.33 W 




1 10.4583 




5.18 


22.18 




30.98 




26.65 E 




136.7145 


CI 




(27.35) 


30.98 


(17.85; 


4.33 




30.98 £ 


1 


847.3030 




38.48 


32.48 


30.98 


35.31 


3^3 1 

1 






1094.4758 



Area of lABCI (aq. ch.) 547.2379 

Half area of ABCDEFGHIA 762.6990 



AreaofICNI(aq.clL) 215.4611 



Tojlnd the area oflCDL 



Sta. 
IC 
CD 
DI 


N. 


8. 


E. 


W. 


E.D.D.W.D.D. 

1 


Molt 


N.A. 


8. Areaa. 


27.36 




17.85 




• 


' 13.07 


0.00 E 






27.3^ 


25.64 


13.07 




30.92 


30.92 E 




792.7888 


(1.71) 


80.92 


(30.92) 


17.86 


13.07 E 




22.3497 


27.35 


30.92 


80J92 


30.92 






815.1385 



Aim of ICDI (8q. ch.) 407.66n 



As area of ICDI, 407.57 
:areaofICNI, 215.46- 
: : latitude of CD, 25.64 S. 

: latitude of CN, 13.55 S. 

As area of ICDI, 407.57 
; area of ICNI, 215.46 - 
: : departure of CD, 13.07 E. 



Ar. Go. 



7.38980 
2.33337 
1.40892 



1.13209 



At. Co. 7.38980 
. - - 2.33337 
- - - 1.11628 



t deoarture of CN, 6.91 R 



0.83945 
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To find the latitude and departure of NL 
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Sta. 


N. 


S. 


K 
17.fe6 
6.91 


W. 


IC 


27.35 


: ^ ? 




CN 




13.55 




NI 




(13.80) 


(24.76) 




27.35 


27.35 


24.76 


24.76 



To find the hearing and diiiance <^ NL 



As di£ of lat of NI, 13.80 S. 

t dep. do. 24.76 W. 

: rad. ------ J - 



< tang. \Mta3Dg of NI, a 60° 52^ W. 



At. Co. 8.86013 
" ^ » 1^9875 
• - -10.00000 

- •? -10.25387 



Aerad. -- - Ar. Co. 0.00000 

: sec. beariflg of NI, 60* 52* - «- • - - - 10.31261 
: : diff. lat. do. 13.80 • - - - - - 1.13968 



: dist. NI, 28.35 ch. 1.45249 

H€nce IN bears, N. 60^ 52* R dist 28^ ch. 

• « * 

2. Given the boundaries of a tract of land as foDow ) 
viz, 1st S. 35i° W. 11 J30 ch. ; 2d. N. 45° W. 24.36 ch. ; 
3d. N. 15i' E. 10.80 ch.; 4th. S. TT R 16ch. j 5th. N. 
871" R 21.50 ch.; 6th. S. 60° R 14.80 ch. ; 7th. South, 
10.91 chJ; 8th. N, 85° W. 29.28 ch. to the place of be- 
ginnii^ ; to divide the tract mto t^o equal parts by a 
line rv^ining from the first station and falling on one of 
t||e o[^)osite. ai4es ; the bearing and distance of the di- 
vision line are required. An$. N. 7° 18* R 15.28 ch. 

8C 



CHAPTER V, 



VARUTION OF THE OOMPASa 

A MERiiHAN indicated by the magnetic needle is not, 
in generaH a - true one ; for the needle does not- point 
truly to the north point of the horizon, but varies from 
it, in some places to the eastward, and in odiers to the 
westward. 

The angle contained betwe^i the true meridian and 
that indicated by the needle, is called the variation of the 
cofnpasBm 

The yariation is named east or toetf, according as the 
north end of the needle points to the eastward or west- 
ward of the true noi;th. 

As the yariation is different in different places, so also, 
in the same place, it does not remain the same, but 
differs sensibly in the course of a few years. Hence, 
in running a line that was run a number of years pre* 
yiously, the bearing will be found different from what it 
was at that time ; this, together with some difference in 
compasses, causes many difficulties, and frequently in- 
accuracies, in tracing old lines. 
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The easiest way to guard against those difficulties and 
inaccuracies would be to make and return the surveys 
according to the true, and not the magnetic bearings. 
In order to do this, it will be necessary to know the va- 
riation of the compass for the place in which the survey 
is made; and this may readily be found by first tracing 
a meridian line in the following manner. 

To draw a true meridian line by means of the greatest 

elongation of the pole star. 

The pole star is situated about 1^^ firom the true pole, 
and therefore apparently revolves round it, in a smaU cir- 
cle, once in about 23 h. 56 m. When at its greatest 
distance east or toest firom the true pole, it is said to be 
at its greatest east or west elongation. It is therefore 
evident that in the course of one apparent revolution it 
must be twice at its greatest elongation, once to the east 
and once to the west. 

The following tables exhibit the times, nearly, of the 
greatest eastern elongations of the pole star for six 
months of the year, and of the greatest western elonga- 
tions for the other six months. , The other greatest elon^ 
gations take place in the day time, and are therefore in- 
visible. Some of those inserted in the tables are also 
invisible ; because they occur, either before daylight is 
gone, in the evening, * or after it has returned, in the 
morning. The most of those in the 3d, 4th, 9th, and 
10th months are in this situation. 

The time in the tables is reckoned firom noon ; and 
therefore when it is less than 12 hours, the greatest elon- 
gation takes place in the evening of the same day ; but 
when it exceeds 12 hours, if 12 hours be subtracted firom 
it, the remainder will be the time of greatest elongation 
in the morning of the following day. 
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Eastern Elongation, 











1 1 


J ! < 


Days. 


4 mo. 


(Ap.) 


5inOb 


(Ma.) 


6 ma (Ja.) 7 ma 


(July)' 


8mo.( Aug > 


9ma(Sepw) 

1 




B. 


X. 


H. 


M. 


H. V. 


0. 


X. 


H. X. 


B. X. 


1 


18 


18 


16 


26 


14 24 


12 


20 


10 16 


8 20 


7 


17 


56 


16 


3 


14 


11 


55 


a 68 


T 68 


13 


17 


34 


15 


40 


13 35 


11 


31 


9 30 


7 36 


19 


17 


12 


15 


17 


13 10 


11 


7 


9 8 


7 16 


35 


16 


49 


14 


58 


12 45 


19 


48 


8 45 


6 68 



Western ElongtOian* 



Thy. 



1 

7 
13 
19 
25 



10mo.(Oc.)'llma(Na) 



a 
18 
17 
17 
17 
16 



18 
66 
34 
12 
49 



16 
15 
15 
15 
14 



X. 

22 
69 
35 
10 
45 



J. 



12 ma(De.) 1 mo. (Ja.)|2 ma (Feb.) 



X. 

14 
13 
13 
13 
12 



X. 

19 
53 
27 
00 
34 



H. X, 

12 2 

U 86 

11 10 

10 44 

10 18 



9 
9 
9 

8 
8 



X. 

50 

96 

2 

89 
16 



3ma(Mar.) 



B. 

8 
7 
7 



1 
38 

46 



6 54 
6 33 



la order to determine a true meridian, by the method 
here used, it is necessary to know the bearing of the pole 
star, called its aximuih^ at the time of its greatest eloo* 
gation. This depends on the latitude of the place, and 
the distance of the star from the pole. This distance is 
caUed the polar distance of the star. It is subject to a 
small annual diminution^ which is called its.annual preces^ 
sion. The polar distance of the star on the 1st. of the 
1st. month (January) 1830, was I'' 35' 5r'; and its annual 
precession is 19.3". 

The polar distance may be found for any subsequent 
time by multiplying 19.3", by the interval between the 
1st. of the year 1830, and the given time, and subtract- 
mg the product from 1^ 35' 51". Thus, suppose the polar 
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distance of the pole star was reqoired for the lit of the 
7th. month, (Jidy) 1845. Theintarval is IS^dyoars; 
and 19.3'' x 15.5 gives 299.15''=4' 59". From V 35' 51^ 
take 4' 59", and we have l"" 30" 52" for the polar distance 
of the star, at the time proposed** 

■ 
« 

When the polar distance of the pole star is known, its 
azimuth, at the time of greatest elongation may be found 
by the following proportion. 

AsradiuSy 

Is to the secant of the latitude of the jdace. 
So is the sine of the polar distance, 
To the azimuth. . 

This azimuth will be east or westj according as the 
elongation is ecLst or tcest ; and consequently its name 
will be known from the preceding tables. 

As an example, let the azimuth of the pole star, at 
Philadelphia, latitude 39'' 5T, be required, for the 1st. of 
tlie 7th. month (July) 1845. The polar distance found 
above is 1** 3ff 52^j and it may be taken 1** 31' without 
materia] error. 



• 



As radius .-• Ar.Co. O.OOOQO 

: secant of kt 39° 57'- - - - - - - 10.11543 

::sia.9fpol.dist.l 31 - . .^ . . . 8.42273 

t sin. of azimuth r59'E. 8.53815^ 



-•- 



* The polar distance obtained as above, is called the mean polar distance { 
and It 19 sufficiently accurate for oar present purpose. 'To obtain the trtM 
Iftilar disUQCc, two tomall correctifllls called ahemOiiui add HiActfJbity: would' 
liave to be applied. 
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In order to observe the greatest elongation of the pole 
star, it will be necessarj to prepare the following simple 
apparatus* 

Place two posts firmly in the ground, about three feet 
apart, and nearly east and* west from each other; the 
heights of the posts, which should be the same, may 
be about two or three feet ; on those posts, place a thick 
board or plank, five or six inches wide, and nail it fast to 
each of them, taking care that it be level or nearly so ; 
take a piece of board, a foot or eighteen inches long and 
four or five wide, and near the middle of it fasten a com- 
pass-sight perpendicularly ; this board is to slide on the 
horizontal one already mentioned. 

Take a stiff pole 18 or 20 feet in length, and fix it in 
an incUned position, in such a maimer that a plumb line 
suspended from the upper end, may be nearly north, 
firom the middle of the horizontal board, and about ten 
feet distant from it ; the elevation of the pole must be 
such that the pole star, when viewed through the com- 
pass sight placed on the horizontal board, may appear 
a few inches below its upper end ; when in this position 
the lower end should be fastened in the ground, and the 
pole should be supported by a couple of crotchets placed 
near the middle. The plumb should weigh a pound 
or more, and should swing in a vessel of water, in 
order to prevent the line being agitated by the motion 
jtftheaur. ' 

The apparatus being prepared, proceed, about 15 or 
20 minutes previous to the time of greatest elongation 
as indicated by the table, to make the observation as fol- 
lows : Let an assistant holfji a lighted candle near the 
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plumb line, so as to illuminate it and render it distinctly 
visible; place the small board with the compass-sight 
attached to it, on the hori2ontal.one, and move it east 
or west as the case may require, till the pole star, |dumb 
line, and aperture in the compass*sight are all in a direct 
range. If the star should be deviating to the east, it will 
leave the plumb-line to the west ; and the contrary, if 
deviating to the west ; keep therefore shifting the sight, 
till the star appears stationary behind the plumb-line; 
which it will do for several minutes at the time of its 
greatest elongation, and will then recede from the 'line 
on the contrary side from which it did before it became 
stationary. The compass-sight must not be moved after 
the star has attained its greatest elongation ; but the ap- 
erture . in it being then in a direct range with the plumb 
line and star, the board to which the sight is fixed, must 
be fastened to the one on which it slides, by a small tack 
passing through each end. This being done let an 
assistant take a straight stake, with a piece of lighted 
candle stuck on it, and go north to the distance of 30 or 
40 perches; then looking through the compass-sight, 
direct him to set up the stake perpendicularly, and in 
such a situation that the candle stuck on the top may 
appear exactly behind the plumb-line ; when thus placed, 
let it be firmly fixed in the ground. Next, let another 
straight stake be set up in the same manner near the 
plumb-line ; the remaining part of the work may then be 
left tfll morning. 

Measure accurately the distance between the two 
stakes. Then, 

As radius, 

Is to the tangent of the azimuth ; 

So is the distance between the stakes, in feet, 

To a fourth term, in feet 
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Lay off the distance contained in this fourth term 
from the northerly stake, and perpendicular to a Une join- 
ing the two stakes ; it must be laid off towards the loesf 
if the azimuth is ^ast, but towards the east if the azimuth 
is u)6$t. Next remoye the northerly stake, and set it up 
at the other extremity of the distance thus laid off; then 
a straight line joining the two stakes will be a true mert- 
dian line. 

To obtain the variation, set up a compass in the place 
of the southerly stake, and direct the sights truly to tlie 
northerly one ; the needle will then point out the varia- 
tion, which will "be east or toestj according as the north 
end of the needle points to the east or west of the north 
point of the compass. ' The whole process is so simple, 
that an example is deemed unnecessary. 

It has already been observed, that the great/est elon- 
gations of the pole star are invisible during the greater 
part of the 3d and 4th months, and also of the 9th and 
10th; consequently a meridian line cannot be obtained 
by the preceding method, during those periods. But as 
the surveyor may generally choose his time for tracing 
a meridiai^ Une, and as, when this is done, he can at any 
time obtain the .variation, it i^ thought unnecessary to 
introduce other methods* . Those, however, who would 
wish to be acquainted with simple and accurate methods 
of tracing a meridian line at any season of the year, may 
consult a pamphlet on the subjfect by Andrew Elicoit, A.M. 
from which the substance of the preceding method is 
extracted ; and which contains others suited to those 
times of the year i^ w}),i<^ d^s cannot be applied. It 
may not be improper also to observe, that tl^e second 
volume of the American PkUosophicol Transactions con- 
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tains an essay by Robert Patterson^ Professor of Maih^ 
tnatics in the University of Pennsylvania^ in which is given 
a method for obtaining the variation to a sufficient de- 
gree of 'accuracy for any purpose in surveying, and 
which has this advantage, that the observation may be 
made at any season of the year, and at any time in the 
evening. There are also other methods besides, those 
alluded to above, by which a meridian line may be traced, 
or the variation of the compass determined ; but as the 
most of them require expensive instruments for making 
the observations, it is thought unnecessary to notice them 
in this work* 

7b obtam the true bearings of a survey ^ from the magnetic 

ones, the variation being given. 

If the variation be ao^, add it to the north-easterly 
and south-westerly bearings, and subtract it from those 
that are north-westerly pr southieasterly ; but if the va- 
ration be wesS^ fuld it to the north-westerly and south- 
easterly bearings, and subtract it from those that are 
north-easterly or south-westerly ; this being done, the 
true bearings are obtained. 

To find the diffeteince between ihe present variqii&n^ and that 
at a time when a tract of land was formerly surveyed^ in 
order to trace or run out the original lines. 

Go to any part of the premises, where ai\y two adja- 
cent comers are known : and if one can be seen from the 
other, take its bearing ; which compared with that of 
the same line in the former survey, shows their differ- 
ence. But if one comer cannot be seen from the other, 
run the line according to the given bearing, and measure 

IB* 2D 
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the nearest distance betweeii the line so ran^ and tbe 
comer ; then^ 

As the length of the given Une^ 

Is to the said distance ; 

So is 57^ degrees.* 

To the difference of variation required. 



Suppose it be required to run a line, which some yeaj« 
ago bore N. 45^ E. disL 20 ch. and in running this line 
by the given bearing, the comer is found 20 links to the 
left hand ; what allowance must be made on each bear- 
ing to trace the old lines ; and what is the present bear- 
ing, by the compass, of this particular line ? 

L. L. Deg. 

As 2000 : 20 :: 57.3 

20 



2000)1146.0(0' 34' 

Consequently 34 minutes, or a little more than half a 
degree, is the allowance required ; and the line in ques- 
tion bears N. 44' 26' E. 



Note. The above rule is simple and sufficiently ac- 
curate when the distance between the sought comer and 



* 57.8 u the ndius (nearly) of a eirde in each parti aa the eireomferaiiee 

8oa 
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random line, is small. But when this distance is con- 
siderable! it will be better to find the angle by trigono- 
metry. 



ON LOCAL ATTRACTION. 

It is well known that iron or any ferruginous substance 
attracts the magnetic needle, and consequently when near, 
will draw it aside from the position in which it would 
otherwise settle. And as the^earth in many places con- 
tains, near its surface, substances of this kind, the needle 
will not unfirequently be attracted from its true direction. 
The surveyor ought therefore, at each station, to take a 
back sight to the preceding one ; and if he arrive at one 
at which the compass does not reverse truly, he may 
conclude, provided no error was committed in taking the 
bearing at the last station, that at the present one, the 
needle is affected by some local attraction. In such a 
case, he should first determine whether any error was 
committed at the last station, and if none is found, take 
the difference between the bearing from the last station 
and the reverse bearing, which will be the local variation 
of the needle at the present station. This variation must 
be apphed, according to its name, to the bearing of the 
following station. 

If at the first and second station of a survey the com- 
pass is found not to reverse truly, the surveyor will be at 
loss to know which of them is affected by attraction > 
But by taking another station, either within or without 

the survey, and taking its bearing firom each of thoao 
14 
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« 

Stations, and the bearing of each of those firom it, he may, 
in general, determine at which of them the attraction 
exists. 

Note. — ^The area of the survey is not affected by the 
general variation, because it is the same at each station. 
But where local attraction exists and causes a variation 
in the position of the needle, as this variation will be dif- 
ferent at different stations, it will, unless ascertained, and 
allowed on the corresponding bearings, materially affect 
the truth of the survey. 
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MISCELLANEOUS QUESTIONS. 

1. A circular fish-pond is to be dug in a garden, that 
shall take up just half an acre : what must be the length 
of the cord that strikes the circle ? 

Ans. VI. lb yards. 

2. Two sides of a triangle are 20 and 40 perches re- 
spectively : required the third side, so that the content 
may be just an acre, 

Afis. Either 23.099 or 58.876 perches. 

3. In 110 acres of statute measure, in which the pole 
is 5.5 yards, how many Cheshire acres, where the cus- 
tomary pole is 6 yards ; and how many of Ireland, where 
the pole in use is 7 yards ? 

Am. 92 A. 1 R. 29 P, Cheshire ; 67 A. 3 R. 25 P. Irish. 

4. The ellipse in Grosvenor square, London, measures 
840 links the longer way, and 612 the shorter, within 
the rails ; now the wall being 14 inches thick, it is requi- 
red to find what quantity of ground it encloses, and how 
much it stands upon. 

Ans. It encloses 4 A. OR. 6 P. and stands on 1760^ 
square feet. 

I 

5. Required the dimensions of an elliptical acre, with 
the greater and less diameters in the ratio of 3 to 2. 

Ans. 17.481 by 11.654 perches. 

213 
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6. The three sides of a triangular field, containing 
6 A« 1 R. 12 P. are in the ratio of the three numbers, 9, 
8, 6, respectively ; required the sides. 

Ans. 59.029, 52.47, and 39.353 perches. 

7. In a pentan^ar field, beginning with the south 
side and measuring round towards the' east, the first or 
south side is 27.35 ch., the second 31.15 ch., the tiird 
23.70 ch., the fourth 29.25 ch., and the fifth 22.20 ch. ; 
also the diagonal from the first angle to the tlurd is 38 
ch., and that from the third to the 5th. 40.10 ch.; required 
the area of the field. Ana. 1 17 A. 2 R. 39 P. 

8. Required the dimensions of an oblong garden, con- 
taining three acres, and bounded by 104 perches of pale 
fence.* ilns.40P. by 12. 

9. How many acres are contained in a square mea- 
dow, the diagonal of which is 20 perches longer than 
either of its sides ? ^ Ans. 14 A. 2 R. II P. 

10. A gentleman has a garden 100 feet long and 80 
broad, and a gravel walk is to be made of equal width 
half round it; what must be the width of the waJk, so that 
it may take up just one fourth of the ground. 

Ana. 11.8975 feet 

11. A person has a circular yard that is 150 feet in 
diameter, and wishes a walk of equal width made round 
it within the fence: required the width of the walk so that 
it may occupy a fifth part of the ground. 

Ans. 7.918 feet 



* This qDestioD may beneatlj constracted by 28, PUnffmr^a Oeomeiry. 
It may not h% improper also to observe, that the 2d question, and all those 
following the 8th, admit of neat geom^tri^ constinictioDfl. 
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12. From a point within a triangular field the sides 
of which were equal, I measured th6 distances to the 
three angles, and found them 12.5, 10, and 7.5 chains, re- 
spectively > required the area. Ans. 12 A. 1 R. 23 P. 

13. On examining the field-notes of a lot of ground of 
which I wished to know the content, I found them as fol- 
low": 1st, S. 72^ W. 24 per., 2d. North, 38 per., 3d. N. 

82i E. 41 peR, 4th. , 20 per., 5th. S. 80^ E. 11.5 per., 

6th. S. 26'' W. 22 per., and 7th. , 37 per., to the place 

of beginning. The bearings of the 4th and 7th bounda- 
ry lines were illegible ; but the data remaining bemg suf- 
ficient, the area is required.* 

Ans. 12 A. 3R.2F. 

14. It 13 required to lay out 4i acres of land in a tri- 
angular form, so that the length of one side may be 15 
chains, and the lengths of the other sides in the ratio of 
2 to 3 ; what must be the lengths of those sides ? 

Ans. 7.7914 and 11.6871 chains; or 29.58536 and 
44.37804 chams. 

15. It is required to lay out five acres of ground in a 
triangular form to be bounded by 135 perches of fence j 
the length of one side is to be 50 perches ; what must be 
the lengths of the other sides ? 

Ans. 33.3785 and 51.6215 perches. 

16. The area of a rectangular field is 7J acres and the 
length of the diagonal 50 perches : required the sides. 

Ans. 30 and 40 perches. 

17. In a rectangular tract of land, containing 58 A. 3R. 
8 P. the difference of the lengths of the sides is just equal 
to the difference between the lengths of the longer side 
and the diagonal ; hence the sides are required. 

Ans. 21 and 28 chains. 



^ * I 
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18. The Wundaries of a tract of land are as follow : 
I 1st. N. 14^ W. 15:20 ch. ; 2d. N. 70i° E. 20.43 ch. ; 3d, 
I S. 6^ K 22.79 ch. ; 4th. N. 86^^ W. 18 to the place of 

I beginning ; within the tract there is a spring, the bearing 

• • and distance of which, from the 2d corner, is S. 75° E. 

7.90 ch. It is required to cut off 10 acres from the west 
If side of this tract by a straight line running through the 

spring ; what must be the distance of the division line 
• from the 1st comer, measured on the fourth side. 

Ans. 4.6357 chains. 

19. The boundaries of a quadrilateral tract of land are 
as follow : 1st. N. 35i^ E. 23 ch, j 2d. N. 75i° E. 30.50 
ch. ; 3d. S. 3F E. 46.49 ch. and 4th. N. 66^° W. 49.64ch., 
to the place of beginning. This tract is to 1>e divided 
into four equal parts by two straight lines, one of which 
is to run parallel to the 3d side ; required the distance 
of the parallel division line from the first comer, measur- 
ed on the 4th side ; also the bearing of the other division 
line, and its distance from the same comer, measured on 
the first side. 

Ans. Distance of the parallel division from the first 
comer ^2.50 chains ; the bearing of the other, S. 88° 22' 
E. and its distance from the same comer 5.99 chains. 
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OP THE THEODOLITE. 

A Vertical Angle is any angle in a plane perpen- 
dicular to the horizon. Consequently angles of eleva- 
tion and depression are vertical angles. 

A Theodolite is an instrument used to measure both 
horizontal and vertical angles. 

By the aid of a theodolite, surveys may be much 
more accurately made than with the compass, espe- 
cially when the tract is large or the ground hilly, or 
where there is local attraction. Before describing the 
theodolite, it will be best to notice separately one or 
two of its appendages. 

Of the Spirit Level. 

The Spirit Level consists principally of a cylindrical 
glass tube, nearly, but not entirely, filled with alcohol, 
or some other fluid. The inner part of that side of 
the tube which, when in use, is to be uppermost, is 
ground from end to end into a regular curve, having 
its convexity upwards. In consequence of this curva- 
ture in the upper part of the cavity, the air bubble, or 
part not occupied by the fluid, must be at the middle 
of the tube when the axis of the level, that is, , the 
straight line passing lengthwise through its middle!, is 
in a horizontal position. And conversely the axis 
must be horizontal when the instrument is so placed 
that the bubble stands at the middle of the tube. 

2E «^7 
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Of the Vernier. 

A Vernier is a graduated index which serves to sub- 
divide the smallest divisions of a graduated arc or 
straight line. 

Verniers are somewhat different according to the 
value of the divisions which they are to subdivide and 
the degree of precision they are designed to give ; but 
the principle of construction is the same in all. The 
following description applies to the vernier attached to 
the common theodolite, the limb of which is divided 
into degrees and half degrees, numbered from 0'' to 
360° ; and the vernier subdivides the half degrees to 
minutes. 

In Fig. 115, AB represents a part of the graduated 
limb, and CD the vernier ; the wholp being drawn on 
an enlarged scale. The extent of the vernier is ex- 
actly equal to 29 half degrees, or 870 minutes, on the 
limb, and is divided into 30 equal parts, numbered from 
to 30. Each division of the vernier contains there- 
fore 29 minutes. Hence it is evident that when the 0, 
or zero line^ of the vernier exactly coincides, as in the 
figure, with a division line on the limb, the first divi- 
sion line of the vernier must be one minute behind the 
line on the limb first following that with which the zero 
of 4fae vernier coincides ; the second line of the ver- 
nier must be two mimites behind the second on the 
limb; the third line on the vernier must be three 
minutes behind the third on the limb ; and so on. If 
then, the vernier were to be moved forward till its first 
division line coincided with the first on the limb, the 
zero of the vernier would be one minute past the line 
on the limb with which it before coincided ; if moved 
till the second lines coincided, the zero of the vernier 
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would be two mioutes past the same line ; and in like 
manner for other coincidences. It therefore follows 
that for any position of the vernier, the number of the 
division line on it which coincides with one on the limb, 
must express the number of minutes that the zero of 
the vernier is past the division line on the limb, next 
preceding it. 

The arc indicated by the vernier index in any posi- 
tion is the arc intercepted in the direction in which 
the degrees are numbered between the zero line of the 
limb and the zero line of the vernier. Hence to find 
the arc, or as it is technically expressed, to read off the 
arc, we must add to the arc expressed by the number 
of whole degrees intercepted and the odd half degree, 
if there is one, the number of minutes indicated by the 
nuwher of that division line on the vernier which coin- 
cides, or is the nearest to coincidence, with one on the 
limb. Thus, as the zero of the vernier in Fig. 115 
exactly coincides with the division line on the limb, 
numbered 50, the arc indicated is 50^ In Fig. 116, 
the zero of the vernier is past the line on the limb de- 
noting 52*^ 3(y, and the 21st division line of the ver- 
nier coincides with a line on the limb. The arc indi- 
cated is therefore 52^ 51'. 

Sometimes it is requisite that the vernier should 
serve to read off an arc on either side of the zero line. 
In this case the zero of the vernier is placed at its mid- 
dle, and the division lines have two sets of numbers, 
as in Fig. 1 17. The upper numbers are used when the 
zero of the vernier is to the right of the zero of the 
arc, and the Iwoer ones when it is to the left. The arc 
indicated by the vernier in the position that it has in 
the figure, is 2^ 12' to the right. 

To determine the reading of a vernier, applied to a 
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graduated arc in which the value of the least division is 
more or less than half a degree, we must divide this 
value by the number of divisions on the vernier, and 
the quotient will indicate the reading that the vernier 
is intended to give. In the nautical instrument called 
a sextant, the value of the least division on the limb is 
usually 10 minutes, and the vernier is divided into 60 
equal parts. Hence 10 minutes, or 600 seconds, di- 
vided by 60, gives 10 seconds for the reading of the 
vernier. 

Description of the Theodolite. 

The Theodolite is represented in Fig. 109. When 
in use, the lower circular plate AB is screwed fast to a 
three-legged stand or tripod, the upper part of which 
is represented in the figure. The circular plate CD 
has a hollow axis passing through it at right angles at 
its centre, and firmly attached to it. The lower part 
of the axis terminates in a ball, to which it is fastened 
by a screw. This ball is partly enclosed in a socket 
projecting from the upper side of the plate AB ; the 
opening in the upper part of the socket being larger 
than the axis, so as to allow the latter some motion in 
every direction. In the lower plate AB, four screws, 
called levelling screws j are inserted, standing opposite 
each other in pairs, the tops of which press against 
the under side of the plate CD. These screws are 
turned by milled projections or heads, two of which 
are shown in the figure. By turning them in opposite 
directions, the position of the plate CD may be changed 
so that it may be made level, even when the lower 
plate AB has considerable inclination. 

The part GH of the instrument consists of two cir- 
cular plates in close contact with each other. The 
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lower one is called the graduated plate, and its chani" 
fered edge, which is usually made of silver, is called 
the limb of the instrument. To the central part of 
this plate, a hollow axis is attached, the cavity of 
which fits to the outside of the axis of the plate CD, 
so that the former may move easily and steadily about 
the latter. The lower part of the axis is embraced by 
a clamping-piece that may be tightened or loosened by 
the screw E. When th^clamp is loose, the graduated 
plate may be turned round by the hand ; but when it is 
made fast, the axis of the graduated plate, and conse- 
quently the plate itself, becomes firmly connected with 
ijie plate CD, and also, when the levelling screws are 
tight, with the stand of the instrument. The gradu- 
ated plate may however, when thus connected, be 
moved a small distance either way by turning the screw 
F, called a tangent-screw, which gives it a slow motion. 
Around the axis of the graduated plate is another hol- 
low axis, with which a telescope, called the lower tele- 
scope, is connected. When the axis of the graduated 
plate is clamped fast, this axis and the telescope may 
be made to revolve by turning the milled head I, and 
may be secured in any position by the screw K, which 
clamps the axis to the graduated plate. 

The plate immediately above the graduated plate is 
called the vernier plate. It has, at its centre, a solid 
axis which fits into the cavities of the hollow axes of 
both the graduated plate and plate CD. When the 
screw L, which serves to clamp the vernier plate to 
the graduated plate, is loosened, the former may be 
turned round by hand ; and when this screw is made 
tight, a slow motion may be given to the vernier plate 
by the tangent-screw M. The vernier plate has two, 
or sometimes three, verniers at dififerent parts of its 
19* 
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edge, which are chamfered for the purpose. When 
there ar^ only two, they are placed directly opposite 
to each other. When there are three, they are placed 
at equal distances around the edge. The microscope 
S is used to enable the eye more certainly to distin- 
guish the line on the vernier that coincides with one 
on the limb. Two levels are placed on the vernier 
plate, at right angles to each other ; one of which is 
shown in the figure. 

The frame which supports the vertical semicircle 
and upper telescope with its attached level, is attached 
to the vernier plate by three screws at equal distances 
from one another. The immediate supports of this 
telescope are called wyes^ or Y's, from their resem- 
blance to the letter Y. The telescope is held in its 
place by two curved pieces, moveable on joints, which 
pass over it and are fastened by the pins T and U. 
When these pins are taken oAt, the pieces may be 
turned back and the telescope taken from its place and 
reversed^ that is changed end for end. 

In the tube of the telescope a flat ring is placed at 
right angles to itd axis, and connected with the tube by 
four screws, opposite to each other in pairs ; the heads 
of three of which, 5, c, and d, are shown. Two spi- 
der's lines or very fine wires, at right angles to each 
other, are attached to the ring, in the directions re- 
spectively' of each pair of screws, and intersecting 
each other in the centre of the ring. At each end of 
the principal tube, and fitting it on the inside, a short 
moveable tube is inserted. The one at the end to 
which the eye is applied, and which usually contains 
several glass lenses, may be moved out or in, by a 
small pin attached to its lower side, and may thus be 
so adjusted as to render the spider's lines distinctly 
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visible. The tube at the other end, which contains 
one lens, may be moved out or in, by turning the milled 
head V, and may be thus so placed as to render an 
object to which the telescope is directed, as distinct as 
its distance permits. 

A straight line in the direction in which the inter- 
section of the spider's lines or wires is seen by an eye 
placed at the eye end of the telescope, is the line of 
sight of the telescope, and is technically called the 
line of collimation. The telescope is said to be directed 
to any point in an object, when it is so placed that the 
line of collimation passes through the point ; or which 
is the same, when the point is directly behind the in- 
tersection of the spider's lines. 

The semicircle PQ is called the vertical limb of the 
instrument. That face of it which is not seen in the 
figure is divided into degrees and half degrees, num- 
bered each way from a line taken as a zero or line ; 
and the arc is read by a vernier numbered as in Fig. 
117. The other face has two sets of unequal divi- 
sions on it, numbered each way from a zero line. One 
of these denotes the difference between the real dis- 
tance of an object to which the upper telescope is di- 
rected and its horizontal distance, expressed in 100th 
parts of the distance. The other denotes the vertical 
distance of the object, above or below a horizontal 
line, passing through the instrument, expressed in 100th 
parts of the horizontal distance. The vertical limb is 
moved so as to give to the telescope different inclina- 
tions to the horizon, by means of the milled head N. 

At the bottom of the frame which supports the ver- 
tical limb and upper telescope, and directly over the 
centre of the vernier plate, there is a compass box, 
containing a magnetic needle. This part of the 
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instrument may be used to take the bearing of an 
object in the same manner as a common compass. 

ADJUSTMENTS OF THE THEODOLITE. 

In order that the theodolite may be in a good state 
for use, the line of coUimation of the upper telescope 
should exactly coincide with the axis of the telescope ; 
the axis of the attached level should be parallel to this 
line ; the axes of the levels on the vernier plate should 
be parallel to this plate ; the line of collimation of the 
telescope should, when the milled head N is turned, 
move in a plane perpendicular to the vernier plate ; 
and when this line is brought parallel to the vernier 
plate, the zero of the vertical limb should coincide with 
the zero of its vernier. Previous therefore to using 
the instrument, the different parts should be examined, 
and adjusted if necessary. This may be done by the 
following methods. 

FIRST ADJUSTMENT. 

To make the line of collimation coincide with the axis of 

the telescope. 

The instrunient being firmly screwed ^ the tripod 
and the legs of the latter being sufficiently extended to 
ensCire its remaining fixed in its position, loosen the 
clamp screw L, and turn the vernier plate till the tele- 
scope points to some distant object having on it a 
small well-defined point. Then, having fastened the 
screw L, move the telescope by the tangent-screw M, 
and milled head N, till the line of collimation is di- 
rected exactly to the point. 

Revolve now the telescope in its Y's, half round, 
that is, till the level, from being directly belowthe tele 
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scope is directly above it. If the horizontal spider's 
line still coincides with the point, it requires no adjust- 
ment ; but if it does not, diminish the distance one- 
half, by loosening one of the screws c and <l and tight- 
ening the other; and then bring the line to coincide 
with the point by means of the milled head N. Re- 
volve the telescope round to its first position, and if 
the horizontal line and point do not then coincide, 
repeat the operation till the coincidence has place in 
both positions. In a similar manner the vertical line 
may be adjusted. When both adjustments are com- 
plete, the line of collimation should coincide with the 
same point during a complete revolution of the tele- 
scope in its Y's. 

SECOND AD JUSTMENl . 

To make the axis of the level attached to the upper tele^ 
scope parallel to the line of collimation. 

Turn the vernier plate till the telescope comes di- 
rectly over two of the levelling screws; and if the 
telescope is not nearly in a horizontal position, make 
it so by turning the milled head N. Then turn the 
levelling screws over which the telescope stands, in 
opposite direftons, till the bubble of the level stands 
exactly at the middle of the tube ; observing to keep 
the screws firm against the plate CD. When this is 
done, reverse the telescope in its Y's, and if the bubble 
does not stand at the middle of the tube, correct half 
of the deviation by one of the screws m and n, which 
serve to raise or depress the ends of the level, and 
then, by the levelling screws, bring the bubble to the 
middle. Again reverse the telescope and repeat the 

correction if necessary, y 

2E 
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Revolve now the telescope in its Y's so as to bring 
the level a considerable distance from its proper or 
lowest ^position, and if the bubble deviates from the 
middle of the tube, make the requisite correction by 
means of two screws, f and 9, which move the end of 
the level laterally, one of which is shown at p. When 
this part of the adjustment has been so made that tbe 
bubble Thrill remain in the middle of -the tube while the 
telescope is revolved either way, the first part of the 
adjustment should, by again reversing the telescope, 
be examined, and repeated if necessary. 

TfflRD ADJUSTMENT. 

T^o make the axes of the levels on the vernier plate paral^ 

lei to thxt plate. 

Turn the vernier plate till the upper telescope stands 
Over two of the levelling screws ; then one of the 
levels on this plate will be parallel to these two screws, 
and the other will be parallel to the other two. By 
means of these levelling screws bring the bubbles of 
both levels to stand in the middles of their respective 
tubes. Then move the vernier plate 180^, and if the 
bubble in either of the levels deviates fism the middle, 
correct one-half of the deviation by one of the screws 
at its ends, and the other half by the levelling screws, 
parallel to it ; and if the bubble of the other level also 
deviates from the middle, proceed in the same way to 
correct the deviation. Repeat the operations till the 
bubbles of both levels will remain at the middles of 
their respective tubes during a complete revolution of 
the vernier plate. 
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FOURTH ADJUSTMENT. 

To make the axis about which the vertical Uwh revolves^ 

parallel (o the vernier plate* 

Turn the venuer plate till the upper telescope is 
directed towards a well-defined, elevated point, on a 
house or other object, not very remote, and having 
clamped the plate, direct the telescope by means of the 
tangent-ecrew M and milled head N, exactly to the 
point Then turn the milled head N till the line of 
collimation coincides with some well-defined point 
near the ground ; or, if none such is found, let an 
assistant make a suitable mark in the direction of the 
line of collimation when thus brought nearly horizon- 
tal. This being done, reverse the telescope in its T's ; 
and, proceeding as before, direct it to the elevated 
point. Then, if by turning the milled head N, the line 
of collimation is brought to coincide with the lower 
point or mark, the axis of the vertical limb is parallel 
to the vernier plate ; but if this is not the case, the 
adjustment must be made by the screws which attach 
the upper frame to this plate. 

nFTH ADJUSTMENT. 

To adjust the vernier of the vertical limh^ or determine 
the correction which should be made^ to allow for its 
deviation from correct adjustment. 

Direct the upper telescope to some elevated point 
and note the angle of elevation indicated by the ver- 
nier. Reverse the telescope in its Y's, and again direct 
it to the same point, and note the angle of elevation. 
If the angles are the same^ the vernier is properly 

15 
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adjusted. If they differ, the position of the vernier 
requires adjustment ; and this may be effected by the 
screw Vf which is one of those that fasten the upper 
frame to the vernier plate. 

Instead of changing the position of the vernier, we 
may take half the difference of the two angles of ele- 
vation as a correction^ to be added to all those angles 
of elevation and subtracted from those of depression, 
that are taken with the telescope in that position in 
its Y's, which gave the least of the two anglea ; but 
to be applied in a reverse manner when the position 
of the telescope is that which gave the greater angle. 

SIXTH ADJUSTMENT. 

To make the axis about which the lower telescope revolves 
vertically J perpendicular to the cuvis of the instrument. 

Turn the vernier plate till the levels on it are re- 
spectively parallel to a pair of opposite levelling screws, 
and by means of these screws bring the bubbles to 
stand in the middles of the tubes ; the instrument is 
. then levelled, and its axis is perpendicular to the hori- 
zon. Suspend a plumb-line of considerable length at 
a short distance from the instrument, and loosening 
the clamping screw K, turn the milled head I, till the 
telescope is directed to the line, and then fasten the 
clamping-screw. Now, applying the hand to the eye- 
end of the telescope, move it vertically, and observe 
whether it continues directed to the line, throughout 
its whole extent. If it does, the axis is properly ad- 
justed ; if it does not, the adjustment may be made 
by two small screws which move the remote end of 
the axis vertically. 
The lower telescope being used only as a guard to 
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ascertain whether or not the horizontal limb of the 
instrument remains fixed while the vernier plate is 
made to revolve, in order to direct the upper telescope 
to an object, requires no other adjustment than the 
above, except those for distinct vision of the spider's 
lines and object.* 

In extensive practical operations, the above adjust- 
ments should be examined, and corrected if necessary, 
not only before the commencement, but every day or 
two during their continuance. 

Of the arc of the horizontal limh^ corresponding to a 
given position of the vernier plate. 

When there is but one vernier, the arc indicated by 
it is regarded as the corresponding arc. When there 
are two or three, it is usual to distinguish them by 
calling one A, another B, and the third, if there is a 
third, C, and to consider the arc indicated by the ver- 

* When the foregoing adjastments have been completed for the first timo, 
there is another examination which it is well to make. Direct the upper 
telescope to some well-defined point near the horizon, and note the arcs on 
the horizontal limb, indicated by the different verniers. Then having di- 
rected the lower telescope to the same point, fasten its clamping-screw K ; 
examining first, however, to see that the upper telescope has not changed 
its position, or if it has, bringing it back by the tangent-screw F. Reverse 
now the upper telescope in its Y's, and again direct it to the point ; exa- 
mining at the same time to see that the lower telescope has not changed its 
position, 6r, if it has, bringing it back by the tangent-screw F. Note the 
arcs indicated by each of the verniers ; and subtract the arc indicated by 
each vernier in the former position from that in the latter, increasing that of 
the latter by 360^, if necessary. Add together the remainders, and divide 
the sum by the number of verniers. If the quotient is 180^, we infer that 
the axis about which the upper telescope revolves is, as it ought to be, at 
right angles to the line of collimation of the telescope. If the quotient dif- 
fers materially from 180°, the instrument is imperfect, except one of the Y's 
is laterally adjustable. Where this is not the case, the. imperfection can 
<>nly be well remedied by an instrument-maker. If the remainders men- 
tioned above differ much from each other, we infer that the instrument has 
not been well centered, or not well divided. 
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nier A, as expressing the poBition of the vernier plate, 
at least very nearly j the readings of the other ver- 
niers being used merely as a test, or means of cor- 
recting the former. We therefore note the arc indi- 
cated by the vernier A. Then note the minutes of the 
arc indicated by the vernier B; but instead of the 
number of degrees indicated by it, we take either the 
number indicated by the vernier A, or this number in- 
creased or diminished by a^ unit, so that the arc set 
down for the vernier B, may be very nearly the same 
as that for the vernier A. If there is a third vernier 
C, we proceed in the same manner. Then the sum of 
the arcs obtained for each vernier, divided by the num- 
ber of verniers,* will give the value of the arc corre- 
sponding to the given position of the vernier plate, or, 
as it is sometimes expressed, the arc indicated by the 
verniers. Thus, if we suppose the instrument to have 
three verniers, and that for a given position of the 
plate, the reading of the vernier A is 142^ 2', of B, 
261** 58', and of C, 22^ 3* ; then, instead of these quaa- 
tities for B and C, we write for B, 141'' 58', and for C, 
142^ 3'. Adding together 142^ 2^, 141" 58', and 142° 3', 
and dividing the sum by 3, we obtain 142" 1', for the 
arc indicated by the verniers. 

PROBLEM I. 

To measure with the Theodolite the horizontal angular 
distance of two objects^ as seen from a given station. 

By means of a plumb-line suspended from the centre 
of the plate which forms the top of the tripod, set the 

* When, as is commonly the case, the number of the degrees of the aie 
im each vernier is the same, we need only divide the snm of the mtniilss 
of the arcs, by the number of veoiiers, and aaiwx the qnotient to that miin- 
ber of degrees* 
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centre of the instrument directly over the station- 
mark, and then level it, as directed in the sixth adjust- 
ment. Direct the upper telescope to the object which 
stands to the left^ when the face is turned towards the 
angle to be measure(), and note the readings of the 
verniers. Then, having directed the lower telescope 
to the same object and fastened its clamping-screw K, 
direct the upper telescope to' the other object, and note 
the readings of the verniers ; observing first however, 
whether there has been any change in the position of 
the lower telescope ; and if there has, bringing it back 
to the object at the left by means of the tangent-screw 
F, and again by the tangent-screw M, adjusting the 
direction of the upper telescope to the object at the 
right. Subtract the arc which expresses the first posi- 
tion of the vernier plate, found from the readings of 
the verniers, from that which expresses the second po- 
sition, found in like manner, increasing the^ latter by 
360'', if necessary, and the remainder will be the angle 
required.* 

» 

* Sometimes, in order to give greater precision to the result, the operatSon 
is repeated two or three or more times. When ^is is done, the vemiera 
need only be read at the first and last positions of the vernier plate. The 
method of proceeding is as follows : After the upper telescope has been 
directed to the object at the right, loosen the clamping-screw £, and turn 
the instrument round till the upper telescope points towards the object at the 
left, then fasten the screw, and by means of the tangentnscrew F, direct the 
telescope accurately to the object Then, having directed the lower tele* 
•cope to this object, and fastened its clamping^crew, direct the upper tele- 
scope again to the object at the right, in the usual way. The vernier plate 
must then have moved, from its first position, a distance equal to twice the 
measure of the angular distance of the objects. If the operation be again 
repeated, the distance moved by the plate must be equal to ^hree times the 
measure of the angle ; and so on. Hence, if the arc which expresses the 
first position of the vernier plate be subtracted from that which expresses its 
last position, and the remainder, or, when the plate has made more than a 
complete revolution, the remainder increased by 360^, be. divided by the 
number which denotes the number of times the operation has been per 
formed, the quotient will be the angle required. , 
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PROBLEM n. 

To measure a vertical angle unth the Theodolite, 

The instrument being placed and levelled, direct the 
upper telescope to the point, of which the angle of ele- 
vation or depression is to be taken. Then, if the ver- 
nier of the vertical limb is accurately adjusted, the 
angle indicated by it will be the angle required. When 
this is not known to be the case, after having noted 
the arc indicated by the vernier, move the vertical 
limb till the telescope is horizontal, as indicated by the 
bubble of its level standing in the middle of the tube, 
and note the arc then indicated by the vernier. If in 
both positions the zero of the limb is on the same side 
as the zero of the vernier, subtract one arc from the 
other ; but if on different sides, add the two arcs toge- 
ther. The result will be the required angle. 

PROBLEM m. 

To measure unth the Theodolite^ the angles of a tract of 
land, as ABCDEFGHA, Fig. 110; and having tliese 
and the measures of the sides, to find the content. 

Set up the instrument at one of the angles as A, and 
also set up sight poles at H and B, or at some distant 
points in the sides AH and AB, and then measure the 
angle as directed in Prob. I. Proceed in the same way 
to measure the other a.ngles of the tract, observing 
that the angle H, which is called a re-entrant angle, is 
to be regarded as measured by the arc abc, and is 
therefore greater than 180^ 

When there are fences or other obstructions along 
the sides, the instrument must be set up at some dis- 
tance from the corner, and the poles must be placed 
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respectively as far from each side as the instrumeDt is 
from the range of that side, so that straight hnes from 
the instrmnent to the poles, may be parallel to the sides. 

With the theodolite, or, which is better, with a com* 
pass, take the bearing of one of the sides, as AH« 
With this bearing and the angle A, find the bearing 
of AB. Then with the bearing of BA, which is the 
reverse of the bearing of AB, and the angle B, find the 
bearing of BC ; and proceed thus, to find the bearings 
of the other sides. 

Having measured the horizontal lengths of the sides, 
and obtained the bearings from the measured angles, 
the cpntent may be found by prob. 12, chap. III. ; ob^ 
serving that as the differences of latitude and the de- 
partures are given in the traverse table, only for every 
quarter of a degree, they should be computed for each 
side by prob. 10, chap. I. ; or, if they are taken from 
the traverse table, proportional parts should be applied 
for the odd minutes, above full quarters of a degree. 

Note 1. When the angles of the tract have all been 
measured, the accuracy of the measures may be tested 
as follows. Subtract 2 from the number of sides of 
the tract, and multiply 180'' by the remainder; the 
product will express the sum of all the interior angles 
(32. 3. cor. 1.) Hence ^f the sum of the measured 
angles is equal, or very nearly equal, to this sum, they 
may be regs^rded as having been correctly taken ; but 
should the sums differ considerably, an error in one or 
more of the angles must have been committed, and the 
operations should be repeated. 

2. In measuring the lengths of the sides, if any of 
them have a considerable ascent or descent, and if 
20* 2G 
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this ascent or descent is tolerably regular, it will be 
more convenient to measure their real lengths along 
the ground, and then by the theodolite determine for 
each of them the quantity that must be subtracted in 
order to obtain the horizontal lengths. To do this, 
let a mark be made on the pole at the farther end of 
the line, at the same height from the ground as the 
axis of the vertical limb of the theodolite, and direct 
the upper telescope to this mark. The index to that 
arc of the vertical limb, which is graduated for the 
purpose, will then indicate the number of links which 
must be subtracted from each chain in the measured 
length, to obtain the ho|*izontal length. 

3. Instead of measuring all the sides and angles, we 
may take two or three or more stations within the 
tract, and apply the method given in the 13th problem 
of chap. III. The stations should be so chosen that 
none of the angles contained between the lines which 
connect any two of the stations with a comer of the 
tract, should be either very acute or very obtuse. 
When the stations are judiciously chosen, their hori- 
zontal distances accurately measured, and the requi- 
site angles, contained between the lines joining the 
stations with one another and with the corners of the 
tract, are carefully taken with a good theodolite, the 
content taay in this way be very correctly determined. 
We may also, if it is required, compute the sides and 
angles of the tract ; and thence, if the bearing of one 
of the sides or of one of the lines joining a station 
with a comer, has been taken, the bearings of all the 
sides may be obtained. 



u 
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PROBLEM IV. 

To run a line with the Theodolite from one end B^of a 
given line AB^ Fig. 118, that shall make a given angle 
with that line. 

Let the theodolite be placed at B and levelled* 
Then, a sight-pole being set up at A, direct the tele- 
scopes to it and note the arc indicated by the yerniers. 
Add the given angle to this arc, and turn the vernier 
plate till the arc indicated by its verniers is equal to 
the sum, and clamp it in that position. LooL through 
the lower telescope to ascertain whether the graduated 
plate has changed its position, and if it has, bring it 
back by the tangent-screw F. If the upper telescope 
is not nearly parallel with the ground in the direction 
in which it points, make it so, by turning the milled 
head N, and then let a sight-pole be set up at some 
distant point exactly in the direction of the line of col- 
limation. Suppose C to be such a point. Then will 
BC be the required line. This line may be, if desired, 
marked by driving a number of stakes into the ground 
at convenient distances along it, using the telescope to 
have them accurately placed. 

If it is required to extend the line beyond the point 
C, let a sight-pole be set up at B, and the theodolite be 
removed* to C. Then proceed to set up a ^ole at an- 
other point D, exactly as directed above, except that 
the given angle must now be considered as being 180^ 
in order that CD may be in the same direction with 
BC. Or, after having directed the telescope to the 
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pole at B, we may, instead of turning the vernier plate 
180'', let it remain unmoved, and reverse the telescope 
in its Y's, which will amount to the same. Proceeding 
thus from point to point, we may extend the line to 
any required distance. 



CHAPTER Vm. 



LEVELLING. 

The surface of an expanse of tranquil water or any 
similar surface concentric with it, is called a Level Sur- 
face. Any points situated in a level surface are said 
to be on the same level ; and any line traced in such a 
surface is called a line of level. 

If through any place, a level surface be conceived to 
pass, the distance which another place is from this sur- 
face, either above or below, measured on a line per- 
pendicular to it, is called the difference of level of the 
two places. 

Levelling is the art of determining the difference or 
differences of level of two or more places. 

In consequence of the globular figure of the earth, a 
level surface is not, as it appears to be, a plane surface. 
It is nearly, though not exactly, spherical. In the ope- 
rations of levelling we may, without sensible error, 
regard a level surface at any place, as being strictly a 
spherical surface, with a radius equal to 3956 miles, 
the mean radius of the earth, or, which is more exact, 
with a radius equal to 3968 miles ;* the centre being 

* The earth, if we disregrard the inequalities in its surface, is an oblate 
spheroid. Its polar diameter is 7899 miles, and its equatorial diameter 
7925 miles. A lerel surface is therefore a spheroidal surface. The radius 
of the spherical surface which most nearly coincides with any small portion 
of this spheroidal surface, changes slightly with the latitude of the place. 
For any place in the Unitod States, the greatest error which can occur from 

237 
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in a straight line conceived to be drawn downwards 
from the place, perpendicular to the level surface. And 
for places not very remote from each other, we may 
" regard the spherical surfaces oMevel passing through 
them, as having a common centre. 

Let A and B, Fig. 120, be twb places, not yery 
remote from each other, and C, the common centre of 
the spherical surfaces of level passing through them. 
With the centre C and radius CA, describe the arc Aa. 
Then will Aa be a line of leve) of the place A, and Ba 
will be the difference of level of the two places A and B. 

The line A^?, drawn perpendicular to CA, is called a 
line of apparent level of the place A. It is the line of 
level that would be indicated by an accurately adjusted 
' levelling instrument placed at A. The distance ad is 
called the correction of the apparent level. This correc- 
tion must be subtracted from the height Bd of the ap- 
parent level to obtain the height Ba, of the true level. 
The correction varies as the square of the distance 
from the place.* The following table contains the 

considering the level surface passing through it, as a spherical surface with 
a radins equal to the mean radius of the earth, is about | of an inch for a 
distance of two miles. For a spherical surface with a radius 5 or 6 miles 
greater than the equatorial radius of the earth, the greatest error is about i^ 
of an inch, at the same distance. It may be further observed, that the 
greatest error or greatest deviation of the spherical from the spheroidal sur- 
£u)e, Taries as the square of the distance from the place. 

• We have (36.3), (2Ca + ad)^ ad = AdK But aa act, for any distance 
to which a single sight in levelling is ever extended, is extremely smiJl in 
comparison with 2Ca, we may, without sensible error, take 3Ca bstead of 

Ad* 
(SCa 4- ad). We shall thus have SCo, ad = Ad* ; oi ad z= ^. Conse- 
quently as Ca is constant, ad varies as the square of the distance Ad varies. 

Let the value of act be required for a distance of 100 chains or 6600 feet. 
Then taking Ca r= 3968 miles, we have 3Ca = 7936 miles = 7936 x 63^0 
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value of the correction in decimal parts of a foot, for 
each chain of distance, from 1 to 120. 



TABLE, 

« 
e differences between the true and app 

far distances from 1 to 120 chains. 



Chainf. 

1 


Feet. Cbftlnt. 


Feec 


dwint. 


Feet. 


Cbaini. 


Feet. 


Cbaine. 


Feet. 


.000 


25 


.065 


49 


.250 


73 


.554 


97 


.978 


2 


.000 


26 


.070 


50 


.260 


74 


.5^9 


98 


.998 


3 


.001 


27 


.076 


51 


.270 


75 


.585 


99 


1.019 


4 


.002 


28 


\082 


52 


.281 


76 


.600 


100 


1.040 


5 


.003 


29 


.087 


53 


.292 


77 


.616 


101 


1.060 


6 


.004 


30 


.094 


54 


.303 


78 


.632 


102 


1.082 


7 


.005 


31 


.100 


55 


.314 


79 


.649 


103 


1.103 


8 


.007 


32 


.106 


56 


.326 


80 


.665 


104 


1.124 


9 


.008 


33 


.113 


57 


.338 


81 


.682 


105 


1.146 


10 


.010 


34 


.120 


58 


.350 


82 


.699 


106 


1.168 


11 


.013 


35 


.127 


59 


.362 


83 


.716 


107 


1.190 


12 


.015 


36 


,135 


60 


.374 


84 


.734 


108 


1.213 


13 


.018 


37 


.142 


61 


.387 


85 


.751 


109 


1.235 


14 


.020 


38 


.150 


62 


.400 


86 


.769 


110 


1.258 


15 


.023 


39 


.158 


63 


.413 


87 


.787 


111 


1.281 


16 


.027 


40 


.166 


64 


.426 


88 


.805 


112 


1.304 


17 


.030 


41 


.175 


65 


.439 


89 


.823 


113 


1.327 


18 


.034 


42 


.183 


66 


.453 


90 


.842 


114 


1.351 


19 


.038 


43 


.192 


67 


.467 


91 


.861 


115 


1.375 


20 


.042 


44 


.201 


68 


.481 


92 


.880 


116 


1.399 


21 


.046 


45 


.211 


69 


.495 


93 


.899 


117- 


1.423 


22 


.050 


46 


.220 


70 


.509 


94 


.919 


118 


1.447 


23 


.055 


47 


.23q 71 
.2401 72 


.524 


95 


.938 


119 


1.472 


24 


.060 


48 


.5391 96 


.958 


120 


1.497 



feet. Hence ml = 



6600* 



100« X 66* 100* X 66 



= 1.0396 fL 



7936 X 5280 7936 X 6880 7936 X 80 
Haying the correction for 100 chains, we easily obtain it for any other 
distance by the following proportion : As 100' : square of given distance in 
chains : : 1.0396 : the required correction, in feet 
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When a ray of light passes obliquely through por- 
tions of air of different densities, it becomes bent 
from a straight line, and enters the eye so as to make 
the point from which it proceeds appear in a direction 
slightly different from its true direction. This effect 
is called Refraction; and when the point, or body 
from which the light proceeds, is on or near the earth, 
it is called Terrestrial Refraction. Terrestrial Refrac* 
tion generally makes the point appear to be more ele- 
vated than it really is. Thus it is not actually the 
point d of the line CE, Fig. 120, that, to an eye at A, 
appears to be at <2, but another point c, a little below 
d. If therefore we wish to notice the effect of refrac- 
tion, wc must take ac instead of arf, for the correction 
of apparent level. Jn temperate climates, cd is, in 
the usual state of the atmosphere, about \ of ad. 
Consequently we may obtain the correction of appa- 
rent level witli allowance for refraction, by diminishing 
the correction given in the preceding table by a j part. 

As the effect of refraction in the common operations 
of levelling is always small, and is subject to consi- 
derable variations depending on the state of the air 
between the object and place of observation, it is com- 
monly disregarded. It would, however, in general be 
better to allow for it as above, except when the object 
is but little distant from the place of observation, or 
when, by the method noticed in the -next article, the 
desired result is obtained independently of the cor- 
rection of apparent level. 

Let CD, Fig. 121, be the line of apparent level indi- 
cated by a levelling instrument L, placed midway be- 
tween the places A and B ; also let the arc he be the 
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line of true level passing through the instrument, the 
arc Aa, concentric with the former, the . line of true 
leyel of the place A, and AC and BD, lines perpen- 
dicular to Aa. Then ill consequence of the equality 
of the distances LC and LD, we have AC equal to 
cD ; and therefore as Aft is equal to ac^ we have AC 
equal to dD. Consequently Ba, the difference of level 
of the places A and B, is obtained by subtracting AC, 
the height of the apparent level of the instrument, at 
A, from BD, its height at B. We thus obtain the dif- 
ference of level of the two places, independently of 
the correction of apparent level. It is also indepen- 
dent of refraction, as the effect of refraction would be 
sensibly the same for the two points C and D, and in 
the same direction. It may be observed that it is not 
necessary the instrument should be directly between 
the places. It may be placed in any convenient po- 
sition on either side of the line joining them, pro- 
vided its distances from the places are equal, or very 
nearly so. 

OF THE LEVELLING INSTRUMENT. 

The Levelling Instrument^ or Level as it is frequently- 
called, is an instrument used to denote the line of ap- 
parent level. It is supported, like the theodolite, on a 
tripod. The instrument, without the tripod, is repre- 
sented in Fig. 119. Its lower part is nearly similar to 
the corresponding part of the theodolite. The plate 
HH, which screws on the tripod, has four levelling- 
screws inserted in it, by means of which the plate G6 
may be placed in a horizontal position, even when the 
former is considerably inclined. S is a clamp-screw 

2H 
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and O a tangent^screw. The bar £E is firmly at- 
tached at right angles to an axis, which terminates in 
a ball, enclosed in the socket R. In some instruments 
this bar is enlarged at th^ middle so as to form a com* 
pass box, in which a magnetic needle is placed. The 
telescope AB is suppcnrted on two wyes, Yl and Y2, 
one of which, Yl, is firmly connected with the bar 
EE, and the other, Y2, is moveable a small distance 
up or down by the screw N, or in some instruments 
by two screws, M and P. The eye-tube L is move- 
able in or out by hand, so as to render the spider^s 
lines distinctly visible, and the tube which contains 
the object-glass is moved by turning the milled head 
d^ and may thus be so adjusted as to give distinct 
vision of an object to which the telescope is directed. 
One end, C, of the spirit-level CD is moveable up or 
down by the screw m, and the other end is moveable 
laterally by two opposite screws p and 9^, of which 
only p appears in the figure. 

' The following adjustments of the level should be 
examined, and corrected if necessary, before using it 
in practical operations. 

FIRST ADJUSTMENT. 

To make the line of collimation coincide with the axis of 

the telescope. 

Having screwed the level to the tripod and set up 
the instrument so as to stand firmly, loosen the clamp- 
screw, turn the telescope towards some distant well- 
defined object, and fasten the screw. By means of 
the tangent-screw move the telescope slowly till the 
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line of coUimation is directed exactly to some distinct 
point in the object, and then proceed according to the 
instructions in the second paragraph of the first ad- 
justment of the theodolite. 

SECOND ADJUSTMENT. 

To make the axis of the level CD parallel to the line of 

collimation. 

« 

By turning the screw N, bring the bubble of the 
level to stand at the middle of the tube. Reverse the 
telescope in its wyes, and, if the bubble does not then 
stand in the middle, correct one half of the deviation 
by the screw m, and the other half by the screw N. 
Again reverse the telescope in its wyes, and repeat the 
correction if necessary. 

Now by revolving the telescope in its wyes, bring 
the level to some distance on one side of its lowest 
\)r proper position, and if the bubble then deviates from 
the middle, the deviation must be corrected by means 
of the screws p and 9, which move one end of the 
level laterally, the correction being continued till the 
bubble will remain at the middle while the telescope 
is resolved so as to bring the level to a considerable 
distance on either side of its lowest position. When 
this has been done, the first part of the adjustment 
should again be examined and corrected if neces- 
sary.* 

* A method by which the second adjnstment may be made for an inatm 
ment in which ^e telescope ui not ieyer8ibie» will be foand in the fint of 
the following problems. 
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THIRD ADJUSTMENT. 

To make the line of coUimation parallel to the hat EE^ 
or which is the samej at right angles to its axis. 

Turn the telescope till it stands directly over two 
of the levelling-screws, and by means of them bring 
the bubble to stand at the middle of the tube. Then 
turn the telescope half round, that is, till it stands 
over the same screws, but pointing in the opposite 
direction, and if the bubble does not remain in the 
middle, correct one half of the deviation by the level- 
ling-screws and the other half by the screw N, Now 
place the telescope over the other levelling-screws, and 
proceed in a similar manner. Continue the correc- 
tions till the bubble will remain in the middle of the 
tube during an entire revolution. 

These adjustments having been carefully made, the 
instrument is ready for use. When on the ground it 
must, in each new position in which it is placed, be 
levelled. This is done by placing the telescope over 
two of the levelling-screws and by their means bring- 
ing the bubble of the level to the middle of the tube, 
then doing the same with the telescope over the other 
two, and again over the first two. Then, if the third 
adjustment has been accurately made, the bubble will 
stand in the middle of the tube in any position of the 
telescope. 

OF THE LEVELUNG STAFF. 

A Levelling Staff consists of a square or rectangu- 
lar staff and a small circular or rectangular board. 
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called a Vanej which is so attached to the staff as to 
be moveable aloDg it from end to end. It is used for 
measuring the height of the line of apparent level 
passing through the telescope of the levelling instru- 
ment, above the place where the staff is placed. 

The face of the vane, represented in Fig. Ill, is 
divided into four equal parts by two straight lines 
intersecting each other at right angles ; one line being 
horizontal, and consequently the other vertical. Two 
opposite parts of the face are painted white and the 
other two black ; thus the lines and their intersection 
are easily distinguished even at a considerable dis- 
tance. A screw, the head of which is shown ^t m, 
serves to clamp the vane to the stafi^ in any required 
position. 

The ^taff is composed of two rectangular bars of 
wood, between five and six feet long, placed side by 
side, and forming together a square staff, the breadth 
of each side of which is about an inch and a quarter. 
The bars are so connected that one, which is two or 
three inches the shorter of. the two, may be made to 
slide along the other or principal bar, and thus, when 
necessary,, increase the length of the staff. In order 
to this, the front or sliding bar has throughout its 
length, on the side* next the other, a projection which 
is terminated by a brass plate a little wider than the 
projection and firmly attached to it ; and tjbe principal 
bar has a groove in it to receive the projection and 
plate of the former. The forms of the projection 
and groove are exhibited in Fig. 112, which repre- 
sents a section of the bars, at right angles to their 
length. 
21 • 
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The staff is represented in Fig. 113, in which bcefd 
is the principal bar, which is capped at the bottom 
with a brass plate ; hd is the sliding bar, A is the vane, 
seen edgewise, and n is a screw which serves to clamp 
., the bars together in any given position. One side of 
each bar is divided, from hg upwards, into feet and 
hundredths of a foot ; the feet being numbered as in 
the figure. The subdivisions of the. feet are omitted 
as they could not well be all exhibited. On the cham- 
fered edge of a brass plate connected with the vane, a 
fine line a is drawn, directly opposite to the horizontal 
line of the vane. The line a serves therefore to de- 
note on the side of the principal bar, the height that 
the vane is above the line ig-, when that height does 
not exceed 5 feet. 

The height of the vane above the line hg is usually 
called the heighi of the vane^ although it is less than 
its true height above the ground or place on which 
the staff stands, by the length of the part he. This 
however produces no error in the use of the staff in 
levelling, as the difference in level of two places is 
found from the difference in the heights at the places, 
of a line of apparent level passing through the level- 
ling instrument, and this difference will evidently be 
the same whether both heights are measured from the 
ground, or both from the line hg. * 

When it is required to raise the vane to a greater 
height than 5 feet, it must be slid up to a pin at /», 
which checks it at that height, and be fastened there 
by the screw w. Fig. 111. Then loosening the screw 
n, Fig. 1 14, the front bar, which carries the vane, may 
be slid/ upwards till the vane acquires the required 
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height When this is done, that point on the gradih- 
ated side of the shding bar, which corresponds to the 
line marked 5, on the principal bar, will evidently indi- 
cate the height of the vane. 

' SGHOLIVM. 

The theodolite, levelling-instrument, and levelling- 
staff, are made of various forms and of different de- 
grees of perfection. Those which have been described 
are, when well made, good and convenient instruments; 
and from the descriptions which have been given of 
them, the student will find it easy to understand the 
manner of adjusting and using others which may dif- 
fer from them in form. 



PROBLEM I. 

To test the adjustment of the leveL 

Select a place where the ground is tolerably level 
for a distance of 15 or 20 chains, and at each extre- 
mity of the distance chosen, as at A and B, Fig. 122, 
drive a short stake. Set up the level by the stake at 
A, placing it so that the eye-end of the telescope may 
be over or nearly over the stake^ and lev?l the instru- 
ment. Place the levelling-staff on the stake, raising 
or lowering the vane till its horizontal line is at ex- 
actly the same height as the centre of the eye-end of 
the telescope, and note the height. Now let an as- 
sistant take the staff and set it up vertically on the 
stake at B. Direct the telescope to the middle of the 
breadth of the staff, and then, by raising or lowering 
the hand as a signal, direct the staff-bearer to raise or 
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lower the yane, repeating the signal till its centre ap- 
pears precisely in the direction of the line of collima- 
tion, or at least exactly of the same height. When 
this is the case, by a circular motion of the hand^ 
direct the vane to be clamped, and again sight to it 
to ascertain that in clamping, its height has not been 
changed. Note the height of the vane, and subtract 
fro/n it the correction of apparent level corresponding 
to the distance between the stakes, taken from the 
preceding table, or rather this correction diminished 
by a 7 part, to allow for refraction. Then, if the 
instrument is accurately adjusted and the observations 
have been carefully made, the difierence between the 
height of the vane at A, and its corrected height at 
B, will be the true difference of level of the tops of 
the two stakes; the higher being that at which the 
height of the vane is the less. Placing now the in- 
strument at B, proceed in the same manner to find 
again the difference of level of the stakes. If this 
difference is the same as the former, the adjustment of 
the instrument is correct. But if there is any mate- 
rial difference in the two results, we infer that the 
axis of the level is not parallel to the line of collima- 
tion. To make it so, take half the difference of the 
results obtained, and let the vane, taken in its last po- 
sition, be elevated or depressed by that quantity, accord- 
ing as the result obtained at the more elevated of the 
two stakes, is less or greater than that obtained at the 
other.* Then, by the screw N, bring the line of colli- 

* Let ab be the line of apparent lerel through the instninient when placed 
at A, and ae^ the line of apparent level indicated by the instrament. Then 
€d being the line of apparent level through the instrament when plaoed at 
B, the line cf making the angle fltd equal to bhe^ and consequently 4^ 
equal to be^ will be the line of apparent level indicated by the inatnuneiit. 
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matioQ to point exactly to the horizontal line of the 
vane, and with the telescope in that position, bring the 
bubble again to the middle of the tube by the screw m. 

Note. In this manner the axis of the level may be 
made parallel to the line of coUimation when the tele- 
scope is not reversible, as is the case in some instru- 
ments. 

RXAMPLB. 

Let the height Ao, be 5.295fl. ;* B^, 2.063ft. ; Be, 
5.527ft. ; and A/*, 8.935ft. ; and the horizontal distance 
from A to B, 20 chains. 

The distance being 20 chains, the correction for ap- 
parent level, taken from the table, is 0.042ft. From 
this deducting 7 of 0.042, we have 0.035ft. for the cor- 
rection to be subtracted from the heights Be and Af. 
This gives, for the corrected heights. Be = 2.028ft., and 
A/'= 8.900ft. Hence, taking 2.028 from 5.295, we 
have 3.227ft. for the true difierence of level obtained 
with the instrument at A ; the place B being higher 
than A. And taking 5.527 from 8.900, we have 3«373ft. 
for the difierence of level obtained with the instrument 
at B. Half the difference of these results gives 0.053ft. 
for the value of df^ the error due to the error in the 



It is tL^*ofore eyidentthat the difference of level of the two places obtained 
with t^j instrument at A, is less than the true difference by the quantity ht^ 
and the difference obtained with the instrument at B, is greater than the 
true difference, by the equal quantity df. Hence the difference of the twe 
results must be twice df^ the error in height produced by the error in the 
adjustment of the instrument. 

* Although the station staff is only dirided to hundredths of a foot, we 
may with tolerable precision estimate the thonsandths ; and when great 
aoooiacy is desired, it is better to do so. 

21 






250 LBYELUNO, [cHAP. Tm 

adjustment of the instrument. Hence, as the differ- 
ence of level given by the instrument at die more ele- 
vated place is greater than the other, the vane must 
be lowered 0.053ft from its last height. The adjust 

ment may then be made as directed. 

• 

PROBLEM n. 

To determine the difference of level of two placesy A and 
B, Fig. 123, when they are visible from each other and 
do not differ in level more than 8 or 10 feet. 

Place the level in some position C, about equally 
distant from the places, either in the line joining them 
or on either side as may be most convenient, and level 
the instrument. Let the staff-bearer set up the level- 
ling-staff at A, and having sighted to it and obtained 
the height of the vane at that station, let the staff be 
removed to B, and do the same. Then the difference 
of the two heights, without any corrections, will be the 
difference of level of the places ; that place being the 
higher, at which the height of the vane is the less. 

If the surface of the ground between the places is 
such that when the level is placed at equal or nearly 
equal distances from them, the line of apparent level 
of the instrtment would pass below one place or too 
high above the other, as in Fig. 124, it may be placed 
in any position C, that will permit the sights to be 
taken to both places. Then, having measured the 
horizontal distances from A to C, and from C to B, we 
proceed as above, except that the obsefVed heights Aa 
and Bb must be corrected by the differences between 
the true and apparent level, as taken from the table ; 
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or, which is generally better, by the tabular quantities 
diminished by a j part. It may, however, be observed 
that when neither of the distances AC nor BC, exceeds 
five or six chains, the corrections are so small that 
they may be generally omitted. 

When a valley intervenes between the ^two places 
so thaf there is no suitable intermediate situation for 
the instrument, it may be placed at one of them ; and 
then the difference of level may be determined as in 
the preceding problem. 

BXAMPLES. 

^ 1. Let the observed height Aa, Fig. 123, be 7.343ft. 
and Bi, 3.635ft. ; then the difference of these, 3.708ft. 
is the difference of level of A and B, the place B bemg 
higher than A. 

2. Let the observed height Aa, Fig. 124, be 8.457ft. ; 
B&, 1.525ft.; the distance from A to C, 24.1ch.; and 
the distance from C to B, 8.2ch. 

The correction for the distance 24.1ch., taken from 
the table and diminished by a ^ part, is 0.050ft., and 
for the distance 8.2ch., it is O.OOSft* The corrected 
heights are therefore Aa, 8.407ft. and Bi, 1.519ft:« 
Hence the difference of level is 6.888ft. 

PROBLEIM in. 

To find the difference of level of two places not visible 
from each other ^ or if visible^ differing considerably in 
level. # 

Let A and F, Fig. 125, be the two places. Place 
the level in some position P^ that will permit a sight to 
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be taken to A, and also to some other place towards 
F, at about the same distance from the instrument. 
Having levelled the instrument, let the staff-bearer 
set up the staff at A, and when the sight has been 
taken, let him note the height of the vane as a first 
backsight. Then let the staflT be taken to some sta- 
tion B, about as far from the instrument as that is 
from the station A, and when the sight has been taken, 
let the height of the vane be noted as the first fore- 
sight. Next, the staff-bearer remaining at B, take 
the level to some suitable place Q, beyond B, and pro- 
ceed to take a back-sight to B, and then a fore-sight 
to a new station C. In the same manner the operation 
must be continued from C to D, from D to E, and from 
E to F ; the number of intermediate stations necessary 
to be taken, depending on the irregularities in the 
ground and on the difference of level of the given 
places. 

Take the difference between the sum of the back- 
sights and the sum of the fore-sights, and it will be the 
difference of level of E and F ; the place F being 
higher or lower than A, according as the sum of the 
back-sights is greater or less than that of the fore* 
sights.* 

* Let GF be a line of level through the place F ; then AG is the differeiiee 
of level of the two places A and F. Now we have, 

Sum of back-sights, 

= Aa+Bc+Ce+Dg+E/=AB+6c+B6+Cc+Dg+E/: Also, 

Sum of fore-sights, 

= B6+Cd+D/+EA+Fm = B6+Cc+af+D^+g/+E/+i!&+P 
= Fm+ /&+ g/+ ei+ B6+ C«+ D^+ E / = gd#B6+ Ce+ Dff + EZ 
=/«+ B6+ Ctf+ Dg+ E/ = AG+ Ao+ 6c+ B&+ C«+ Dg+ EZ. 

The differeuce of these sums is AG, the difference of level of the placet 
AandF. 
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Note. It is not necessary that either the interme- 
diate stations or the places of the instrument should 
be in the direct line between the given places; and 
frequently it will be found convenient to deviate con- 
siderably from that line. It may further be observed 
that although it is generally best to take each pair of 
the sights at equal or nearly equal distances, as the 
correction for apparent level is thus avoided, and also 
a slight deviation of the axis of the level from paral- 
lelism with the line of coUimation will not then sensibly 
affect the accuracy of the result, yet sometimes in 
order to diminish the number of stations the sights are 
taken at unequal distances. When this is done, the 
distances must be measured and the sights be corrected 
as directed in such case, in the last problem. 
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Let the back- 


sights and fore- 


sights, Fig. 125, be as 


in the following 


table. 




• 




Badc-iigbti. 




Foresights. 


1. 


7.103ft. 




1.566ft. 


2. 


9.227 


1 


3.178 


3. 


1.236 




9.415 


4. 


1.610 




6.367 


5. 


2.125 


Su 


9.910 


Sum 21^01 


m 30.436 




« 


Di 


21.301 




ff. 9.135ft. 



Hence the difference of level of A and F is 9.135ft. 
and as the sum of the back-sights is less than that of 
the fore-sights, the place F is lower than A. 



CHAPTER K. 



TOPOGRAPHY. 

Topography is a branch of surveyipg,* the object 
of which is to determine and designate on a map, the 
various undulations and inequalities in the surface of 
a particular place, tract of land or district of country. 
A map in which these inequalities, the courses of 
streams, and sometimes other circumstances, as the 
positions and extents of forests, marshes, &c., are de- 
signated, is called a topographical map. 

In addition to the boundaries and content of a tract 
of land, it is frequently required that the various slopes 
and irregularities . of the surface should be determined 
and designated, in order to give a more complete view 
of the ground, and to afford the means for an appro- 
priate location of buildings or works of any kind that 
may be designed to be erected on it. 

If we assume the surface of a tract of land to be 
intersected by a number of level surfaces or horizontal 
planest at equal distances from one another, and trans- 
fer B.\l the lines of level in which these planes meet 
the surface of the ground to an assumed horizontal 

* The term sunreying is here used in a more extended sense than as de- 
fined in the first chapter. 

f In tracts of any moderate extent, the surfaces of level may, for the pur- 
pose for which they are here introduced, be regarded as horizontal planes. 
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plane passing through the ^west point, making them 
occupy positions on that plane, corresponding with 
their positions on their respective planes, the varia- 
tions in the distances of the lines from one another, 
vrhen thus transferred, virill indicate the variations in 
the inclination of the ground. For as the difference 
of level from line to line is the same, it is evident that 
the horizontal distances of the lines, taken ifTSoy di- 
rection, vein diminish as the inclination in that direction 
increases. Thus in ABCD, Fig. 129, which represents 
a small tract, of which the length AB is 1000 feet and 
the breadth AD, 800 feet, the lines 10, 20, 30, &c., 
represent lines of level in which horizontal planes at 
the distance of 10 feet from one another, intersect the 
surface of the ground. The lowest level passes 
through the point F, at which the stream EF leaves 
the tract. From F the ground rises more rapidly to 
the left than to the right, as is indicated by the lines 
of level being nearer to one another on that side than 
on the other. In passing from F towards the corner 
B of the tract, we may observe that the acclivity, 
which is gentle, increases till we come to the 30 feet 
level, then diminishes to the 40 feet level; it then 
again increases, and more rapidly, to the 60 feet level, 
and lastly slightly diminishes to the 70 feet, or highest 
level. In descending, the declivity continually dimin- 
ishes to B. From the point / in the side AD, the 
ground descends moderately towards the comer A, the 
declivity diminishing till the surface becomes nearly 
level ; and from the stream, towards A, the accUvity, 
which is slight, diminishes, so that between the two 
branches of the 30 feet line of level and the comer A, 
the ground is nearly level. 
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The distance which should be taken for the distance 
of the assumed planes from one another, must depend 
on the extent of the survey, the inequalities in the sur- 
face, and the degree of minuteness with which it is 
required that they should be designated. It may vary 
from 3 or 4 to 20 or 30 feet, according to circum- 
stances. 

The levelling required for a topographical survey 
may be performed either with a level or theodolite. 
Where there is considerable ascent or descent in the 
ground, the latter is the most convenient instrument ; 
and although the results obtained with it are not in 
general as accurate as those that may be obtained 
with a good level, they are, when due care is taken, 
sufficiently so for the object in view. When the theo- 
dolite is used, the sight should be taken to a point at 
the same height above the ground at the station, as 
the axis about which the upper telescope revolves is 
above the ground at the place of the instrument. To 
do this, let an assistant place and clamp the vane of a 
levelling-staff at that height, or make a mark at the 
same height* on a pole ; and when he has taken the 
staff or pole to the station and set it up vertically, 
sight to the vane or mark. When this is done, the 
difference of level between the station and place of the 
instrument, expressed in 100th parts of the horizontal 
distance of the two, will be indicated on the vertical 
limb. It is however better, except when the horizon- 
tal distance is quite small, to obtain the difference of 
level from that distance and the angle of elevation or 
depression. 
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PROBLEM I. 

Having given the back-sights and foresights taken to a 
number of consecutive stations^ or to two or more con- 
nected series of stations, to determine the heights of the 
stations above a line of level or surface if level through 
the lowest. 

1. When there is but one series of stations. Assume 
for the height o& the first station above some assumed 
line of level, any quantity taken at pleasure, observing 
however to make it sufficiently great for the assumed 
line of level to be lower than the lowest station, or at 
least as low. To the assumed height of the first sta- 
tion add the first back-sight, and from the sum subtract 
the first fore-sight, and the remainder will be the 
height of the second station above the assumed Hne 
of level. With this height and the second back-sight 
and second fore-sight proceed in hke manner to find 
the height of the third station ; and thus on to the 
last. Now subtract the least of the heights obtained, 
which must be that of the lowest station, from each 
of the others, and the remainders will be the heights 
of the other stations above the line of level passing 
through the lowest. 

2. When there are two series of stations connected by 
intervening sights between tKe first station of the first 
series and the first of the second series. Assume for 
the height of the first station of the first series, a 
quantity sufficiently great for the assumed surfacie of 
level to be below all the stations, or at least as low as 

22* 2K 
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the lowest, and proceed as directed above, to obtain 
the heights of the other stations of that series above 
the assumed surface of level. Then commencing again 
with the assumed height of the first station, proceed 
in like manner with the sights connecting that with 
the first station of the second series, and with the 
" sights to the stations in this series, to find the heights 
of all these stations. When this is done, subtract the 
least of all the heights obtained from each of the 
others, and the remainders will be the required heights. 

3. In like manner, whatever be tl^ number of the 
series of stations, the heights of all the stations, above 
a surface of level passing through the lowest, may be 
obtained. 

Note. If it is required to find the heights of the 
stations above a line or surface of level at a given dis- 
tance below the lowest or any other given station, it 
is easily performed by applying to the heights of the 
stations above the assumed level, the difierence be- 
tween the height of that station above the assumed 
level and its height above the given level. 

EXAMPLES. 

1. Taking to the nearest length of a foot, the back- 
sights and fore-sights given in the example to the last 
problem of the preceding chapter, it is required to find 
the heights of the stations A, B, C, &c. Fig. 125, above 
a line of level passing through the lowest. 

Assume the height AL, of the station A, above an 
assumed line of level LM to be 15 feet. Then we 
have 
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15 >+ 7.1 

a6.S<<-lJ2< 
16:3 +1J6 
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14'' 



Subtracting 5.7 from each of the above heights, we 
have the heights al^ve .GF, the Ipie of level through 
F. These are, fot A, 9.3ft ; B, 14.8fL ; C, 20.8a. ; 
^), 10.6ft,j E, 5-8ft.j aad F,Oft 

2. Let lite bacj^ysi^bt? w4 fofei^eigkih Utkw- kfm 
A to B, Fig. 136, /ropi A to C, an^ from C to D, be.as 
gh-erf beloVri'to'flnd tte heigHtfl of the stations along 
AB, AC,' anid CD, «We S sarfiice oV'level through the 
(otlr6st BtaitioB. ' 
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7b determine the inequcJities in the surface bf the ground 
ahng a Kne running in a given direction^ and to draw 
^ trregubir ar curved Hne fo rep^t^ierit them. " 

Let short stakas ho driven at the beginping apd etd 
of the Hne, and at each point along it where thisre i^ 
any material change in the inchnation of the ground; 
and let the horizontal distance of each stake from the 
beginning of the line, or the distances frono^ ^take to 
stake« be measured. Then level from stake to ^ttake^ 
using intermediate stations whenie^r the difiereuce of 
level between any two is too great to pennit sights to 
be taken to both from a single position of the ^hstni*' 
ment. Find, by the last problem, the heights of the 
stations, where ihe stafi:es are placed, above a line of 
lev^ passtpg thi^ugh the lowest^ or above any assumed 
or given line of leveL 

Braw a etraii^ MAe^ef^ Fig. 137, to to^ewiit the 
line of level to which Che heights of the. statioM ai« 
referred, and on it make asft, e^ ^84 'ecjitjb^ eqioal to thtf 
distances of the stations from the beginning of the 
line. From the points a, o, i, «, &c., dmw lines per- 
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ycmiiciriar to ^^^ and make Ahem e<)ua{ to the heights 
M tbe T^aBpective. ftUtioAs. ^IHktfough die tops of these 
perpendiculars, draw the cunred line EF^ "mhkk will be 
the line required to be drawn. 

The line EF is ctQfed a Pr^ *f the ground in the 
direction of the given line. 

, Note. Th^ h€%hts o( the perpmdicniafs are fre- 
quently taken from a scale three or four times as great 
as that used in laying off the horizontal distances, 
^^beii this IS done^ the curved line^ br ^^rofile, as it is 
idfill exulted, indicates nilbi^e distinctly )!hie Cesser changes 
in the YncHtiation of the ground. 



; The distances of the fictions aloog a gives line, 
measui^cid from tb^ begianiiig of the line, and their 
lights above a givjMi line, of leveU determined by tbe 
]a«t .problem^, frpm sights taken on thcgroundf being 
as belQw, the profile of the;groued in: the direction of 
^he ttne^ obtained bj taking :tfae height) from a ^cale 
three times aa^ great as t))at. from which the distances 
are taken, will be that of Fiff. i27. 
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At the foortli staliov a^tream <j€ vfdAm cKmes tiie 
line, and ip o^ted by the letters tA*»-plac9ed fay .tbe Bide 
of the distance. 



PROBIEM HI, ^ 

To determine those points along a line running in a 
given dh'eeti&n, <th&t are at give^hei^st aioved given 
• Hm^ sfwfsLce (f'ievd. 

Proc^9 j|4 direcjted in the I^8t problem, to fifidlbe 
heights aboTe the given line or surface fA teyel, of 
those points in the line where there is a^ny jopaterinl 
change in the inclination of the ground, and cJso their 
distances from the commencement of the line. Ob* 
serve between which two of ^ heights obtained, any 
one of those given falls, and take their difference. 
Also take the ijifference between the given height and 
that 6ne of the two which appertains to die point 
nearest die begifii^Qg of the lin^. Then, as the first 
difference : the seeond : i the horizontal distance be^^ 
tween the points s to a fourth term, which added to 
the distance of the point nearest the beginniiig of the 
linct ^^ give the distance of the required point. 

Proceed in the same manner with the other given 
heights. 

Or we may draw, by the last proMem, a profile of 
the ground, i^s £F, Fig. 128, in reference to the given 
line of level ^ and on ea^ perpendicular to efy iset off 
the given height's, taking t&em frc^ the scale used in 
setting off the heights of the statibnsu Then^ through 
the points in the fine ea^ draw lines pafaHel to ef^ as 



» the figiite ; aixd fbom tke poiaUi in wfasch tbtfae me^ 
tiae ' profile EF, draw Hneff j>»aHc^ to en. Hie dts* 
tances from tf, at wbidi diese 'last lines me^t ef^ wiU 
be.the horiiioiital disttoces of the required ^poiots^ from 
the begimikig of the loe. • , 

Let the data found on the ground be the same as 
in the example to Hi^ last ptobleta, and let the given 
heights of the required points be 10^ 20, 30, 40, &ic. 
feat. ' ' " " 

The distances and height^ of the stations being the 
same as for the profile in Fig. 127, we shall obtain a 
dimiiaff profile lEF^ Fig. 128^ Drawing the lines paral- 
lel to '£/* at diatanoea from it^ equal to 10, 20^ ^^ ^cc. 
feet, Wo find that t|;ke first line abote ef does not meet 
the profile £F. Consequentlj, there is no point in tfa^ 
latter so low aa 10 feet above the given level. Each 
of the: other parallels mfeeta &e li^e J^ in two points. 
There are thierefixre two points in the line at the height 
^f 20 feet above the given level ; two at the height of 
SO feet I and fo.on to TOfeet. Tfad distances e/40^ 
<v30;.&c«, on the line «/« are the distances of the 
recfuired {k>iiit8 from the beginning of the line* 

"tn illustration of the firqt method of finding the dis- 
tances of the required points from the beginning of 
the line, as the given heights' of the stations evidently 
show that there is no point in the line so low as 10 
feet above tbie given lend, let* it be required to find a 
]KMiat at the height of ^ feet* .0a examining tb6[ 
gives bights of the^atatiODH, we perccdve that there 
autot be two isuch p<4&tt»{ one between the 9d. and 
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4th fitatidns^ and one belivreen the 4tb and 5ib. fbf 
the first of these w^ take the diffibre&ce tK^tveen 1&3 
ftDd 32 A which is 6.7 ; the dtfferenee betweea 20.0 



aed 22 A which is 2«0 ; and the diffiireiiM between th< 
distances 230 and 336» whidt is 106. H^oe; a» 
6.7 : 2.0 : : 106 : 32. Adding therefore 32 to 230. 
we have 262 feet for tht diitance of this point. 



PROBLEM IV. 

To determine the undulations and inequalities of the 
face in a tract of land ABCD^ Fig* 1 29, and to draw 
a topographical map destgnating them>> 

With a compass o^ theodolite^ run a Mfnber of 
liniis^ ab^ cdj ef^ &c. across the tract, parallel to one 
of the sides, as AB ; inakiog themt nearer together oil 
ferther apart, acoordilig ' to the inequalities in Uifar 
ground and the decree of minuten^Bss with which it ii 
intended* to designate them* I>rir^ stakes at tbehe^ 
gtnnings and ends ^f the lines AB, oft, <si, Are., and at 
all the points along them where there is any materia 
chaise in the incUnation of the gronnd, and proceed 
to level from stake U> stake along the'se lines and tiia 
line AC ; also ^ measure the diiitancea of the ata^pea 
from the 'commencement o( the lines, or frotp one an- 
other. Then, by problem L, find the heights of all 
the stations where thje stakes aire driven, above a eur* 
face of level passing through th^ lowest station. 

Now, havkig drawn the fines abj cd^ ^, &e. in ibeir 
proper poaitions on the map, determide, fay the las^ 
problem, the points in tbejse lines and the Hnet AB 
and DC, that cofrespond to h^gbts^in the lines otf tbi^ 
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. ^fouod^ of 10, aiO, ao^ 40,^te^ ftet, above (he mrface 
of lev^l jiMUBMiig thirO0gli the lowe«t statkni, or to uny 
otber heights, mcreamng by equal differsiices, that may 
be deemed expedienti ThrObgh eabh eet of points 
appertaiaiftg to^ the «ame he^ht^ draw ^^ , oirf e fiafe. 
The curve lines thus drawn will repi^s^at ^Hii«^ ef 
level of 10 feet, 3Q feet« 4^.4 or of the i^uniher of feet, 
bC the heights used ja optaioiog tbeov whfiteTer that 
.miftybe. 

These lines serve to indicate the changes in the 
inclination of the ground. But it is nsuat; instead of 
drawing thejai distinctly with ink, to draw them with 
a pencU qnly^ or fa^intly with I^idian-ink, and thjen to 
ahade the map by short straight lines, drawn perpen- 
dicularly fr9m each curve of higher level, to thfit of 
the next lower ; the lines being d^vn closer together 
and rather heavier as the distance between the lines 
of level diminishes. For those parts of the ground 
that are level, or very nearly so, the shading is omit- 
ted* The greater or less darkness of the shading on 
the different parts of the map, therefore indicates a 
greater or less inclination in the ground in those parts ; 
and the omission of the shading in any parts, indicates 
that in those places the surface is level, or very nearly 
so. In Fig. 130, we hav6 i map of the tract, shaded 
as described above. 

Note. It is not necessary that the lines on which 
the levels are taken should be run pai^Uel to one an- 
other. They may be run making given angles with 
any given lines of the survey. Sometimes it is de- 
sired that the surface of a particular part of the tract 
should be designated with more minuteness than is 
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be foimd.oQ«vwie&t'io.d0ienmB»tliefx>^^ of fKmie 
point vmt the middl!^ of .th^ pftrt irfaich it w deaired 
parttctdarly to desighatei imd thou to ran Iuim frato 
tbm point, in dirdGtiMusinakiiig «<^;lw of 1H)^ or 90^ 
one aiio&0jri 
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It may be fbrther remarked, th^t instead of taking 
the Surface of level through the lowest point, as the 
plane of reference, we may, if preferred, take that 
through the highest. The foriper is hQwerer the^one 
|;enerally taken* 

The operations to bfe performed in this problem, so 
far as' observations on the ground and numbers are 
concerned, ar^ merely tepetitions of those which have 
been exemplified in the precedihg problems. An ex- 
ample IS not therefore necessary. 
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4.84 


74 


75 


74.90 


3.93 


74.88 


4.25 


74.96 


4.68 


74.84 


4.91 


75 


76 


76.90 


3.98 


76.88 


4.31 


75.86 


4.64 


75.84 


4.97 


76 


77 


76.89 


4.03 


78.88 


4.37 


76.86 


4.70 


76.84 


5.04 


77 


78 


77.89 


4.08 


77.87 


4.42 


77.85 


4.76 


77.83 


6.10 


78 


79 


78.89 


4.13 


78.87 


4.48 


78.85 


4.82 


78.83 


6.17 


79 


80 


79.89 


4.19 


79.87 


4.54 


79.86 


4.88 


79.83 


6.23 


80 


81 


80.89 


4.24 


80.87 


4.69 


80.85 


4.94 


80.83 


6.30 


81 


82 


81.69 


4.29 


81.87 


4.85 


81.85 


6.01 


81.82 


6.36 


82 


83 


82.89 


4.34 


82.87 


4.71 


82.85 


6.07 


82.82 


6.43 


83 


84 


83.88 


4.40 


83.86 


4.76 


83.84 


6.13 


83.82 


6.49 


84 


as 


94.88 


4.45 


84.86 


4.82 


84.84 


5.19 


84.82 


6.56 


86 


86 


85.88 


4.60 


85.86 


4.88 


85.84 


6.25 


86.82 


6.62 


86 


87 


86.88 


4.55 


86.86 


4.93 


86.84 


* 5.31 


86.81 


6.69 


87 


88 


87.88 


4.81 


87.86 


4.99 


87.84 


6.37 


87.81 


6.76 


88 


89 


88.88 


4.88 


88.86 


6.05 


88.83 


6.43 


88.81 


6.82 


89 


90 


89.88 


4.71 


89.86 


6.10 


89.83 


5.49 


89.81 


5.89 


90 


91 


90.88 


4.76 


90.85 


6.16 


90.83 


s.to 


90.81 


5.95 


91 


92 


91.87 


4.81 


91.85 


6.22 


91.33 


6.62 


91.80 


6.02 


92 


93 


92.87 


4.87 


92.85 


6.27 


92.83 


6.68 


92.80 


6.08 


93 


94 


93.87 


4.92 


93.85 


5.33 


93.82 


6.74 


93.80 


6.16 


94 


96 


94.87 


4.97 


94.85 


5.39 


94.82 


6.80 


94.80 


6.21 


96 


96 


96.87 


6.02 


96.85 


6.44 


95.82 


6.86 


95.79 


6.28 


96 


97 


96.87 


6.08 


96.84 


6.60 


96.82 


6.92 


96.79 


6.34 


97 


98 


97.r7 


6.13 


97.84 


6.66 


97.82 


6.98 


97.79 


6.41 


98 


99 


98.86 


6.18 


98.84 


6.61 


98.82 


6.04 


98.79 


6.47 


99 


100 


99.86 


6.23 


99.84 


6.67 


99.81 


6.10 


99.79 


6.64 


100 


• 

8 


D«p. 


Lat. 


Dep. 


Lat. 


Dep, 


Lat. 


Dep. 


Lat 


8 


871 


)^. 


9H 


0^. 


86il 


D^. , 


86i] 


Oeg. 



18 



B 



» 



TRAVERSE TABLE. 



1 Distance. 


4Deff. 


4iDeg. 


4iD€ff. 


4}De^ 


■ 

1 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


1.00 


0.07 


1.00 


0.07 


1.00 


0.08 


1.00 


0.08 


S 


2.00 


0.14 


1.99 


0.15 


1.99 


0.16 


1.99 


0.17 


2 


3 


2.99 


0.21 


2.99 


0.22 


2.99 


0.24 


2.99 


0.25 


3 


4 


3.99 


0.28 


3.99 


0.30 


3.99 


0.31 


3.98 


0.33 


4 


6 


4.99 


0.35 


4.99 


0.37 


4.98 


0.39 


4.98 


0.41 


5 


6 


5.99 


0.42 


5.98 


0.44 


5.98 


0.47 


5.98 


0.50 


6 


7 


6.98 


0.49 


6.98 


0.52 


6.98 


0.55 


6.97 


0.58 


7 


8 


7.98 


0.56 


7.98 


0.59 


7.98 


0.63 


7.97 


0.66 


8 


9 


8.98 


0.63 


8.98 


0.67 


8.97 


0.71 


8.97 


0.75 


9 


10 


9.98 


0.70 


9.97 


0.74 


9.97 


0.78 


9.97 


0.83 


10 


11 


10.97 


0.77 


10.97 


0.82 


10.97 


0.86 


10.96 


0.91 


11 


12 


11.97 


0.84 


11.97 


0.89 


11.96 


0.94 


11.96 


0.99 


12 


13 


12.97 


091 


12.96 


0.96 


12.96 


1.02 


12.96 


1.08 


13 


14 


13.97 


0.98 


13.96 


1.04 


13.96 


1.10 


13.95 


1.16 


14 


15 


14.96 


1.05 


14.96 


1.11 


14.95 


1.18 


14.95 


1.24 


15 


16 


15.96 


1.12 


15.96 


1.19 


15.95 


1.26 


15.95 


1.32 


16 


17 


16.96 


1.19 


16.95 


1.26 


16.95 


1.33 


16.94 


1.41 


17 


18 


17.96 


1.26 


17.95 


1.33 


17.94 


1.41 


17.94 


1.49 


18 


19 


18.95 


1.33 


18.95 


1.40 


18.94 


1.49 


18.93 


1.57 


19 


fO 


19.95 


1.40 


19.95 


1.48 


19.94 


1.57 


19.93 


1.66 


20 
21 


21 


20.95 


1.46 


20.94 


1.56 


20.94 


1.65 


20.93 


1.74 


22 


21.95 


1.53 


21.94 


1.63 


21.93 


1.73 


21.92 


1.82 


22 


23 


22.94 


1.60 


22.94 


1.70 


22.93 


1.80 


22.92 


1.90 


23 


24 


23.94 


1.67 


23.93 


1.78 


23.93 


1.88 


23.92 


1.99 


24 


25 


24.94 


1.74 


24.93 


1.85 


24.92 


1.96 


24.91 


2.07 


25 


26 


25.94 


1.81 


25.93 


1.93 


25.92 


2.04 


25.91 


2.15 


.26 


27 


26.93 


1.88 


26.93 


2.00 


26.92 


2.12 


26.91 


2.24 


27 


28 


27.93 


1.95 


27.92 


2.08 


27.91 


2.20 


27.90 


2.32 


28 


29 


28.93 


2.02 


28.92 


2.15 


28.91 


2.28 


28.90 


2.40 


29 


30 


29.93* 


2.09 


29.92 


2.22 


29.91 


2.35 


29.90 


2.48 


30 


31 


30.92 


2.16 


30.91 


2.30 


30.90 


2.43 


30.89 


2.57 


31 


32 


31.92 


2.23 


31.91 


2.37 


31.90 


2.51 


&1.89 


2*65 


321 


33 


32.92 


2.30 


32.91 


2.45 


32.90 


2.59 


32.89 


2.73 


,*« 


34 


33.92 


2.37 


33.91 


2.52 


33.90 


2.67 


33.88 


2.82 


34| 


35 


34.91 


2.44 


34.90 


2.59 


34.89 


2.75 


34.88 


2.90 


35 


36 


35.91 


2.51 


35.90 


2.67 


35.89 


2.82 


35.88 


2.98 


36 


37 


36.91 


2.58 


36.90 


2.74 


36.89 


2.90 


36.87 


3.06 


37 


38 


37.91 


2.65 


37.90 


2.82 


37.88 


2.98 


37.87 


3.15 


38 


39 


38.90 


2.72 


38.89 


2.89 


38.88 


3.06 


38.87 


3.23 


39 


40 


39.90 


i.19 


39.89 


2.96 


39.88 


3.14 


39.86 


3.31 


40 
41 


41 


40.90 


2.86 


40.89 


3.04 


40.87 


3.22 


40.86 


3.40 


42 


41.90 


2.93 


41.88 


3.11 


41.87 


3.30 


41.86 


3.48 


42 


43 


42.90 


3.00 


42.88 


3.19 


42.87 


3.37 


42.85 


3.56 


43 


44 


43.89 


3.07 


43.88 


3.26 


43.86 


3.45 


43.85 


3.64 


44 


45 


44.89 


3.14 


44.88 


3.33 


44.86 


3.53 


44.85 


3.73 


45 


46 


45.89 


3.21 


45.87 


3.41 


45.86 


3.61 


45.84 


3.81 


46 


47 


46.89 


3.28 


46.87 


3.48 


46.86 


3.69 


46.84 


3.89 


47 1 


48 


47.88 


3.35 


47.87 


3.56 


47.85 


3.77 


47.84 


3.97 


48 


49 


48.88 


3.42 


48.87 


3.63 


48.85 


3.84 


48.83 


4.06 


49 


50 

• 

s 

1 

1 


49.88 


3.49 


49.86 


3.71 


49.85 


3.92 


49.83 


4.14 


50 


Dep. 


Lat 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


• 

• 

1 


86Dc|r* 


85} 


n^. 


85iDesr. 


85i 


Def. 



TRAVERSE TABLE. 
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1 Distance. 


4Deir« 


4i Deg. 


44Deg. 


' 4jDeg:. 


1 Distance. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


50.88 


3.56 


50.86 


3.78 


50.84 


4.00 


50.82 


4.22 


51 


52 


51.87 


3.63 


51.86 


3.85 


51.84 


4.08 


51.82 


4.31 


52 


53 


52.87 


3.70 


52.85 


3.93 


62.84 


4.16 


52.82 


4.39 


53 


54 


53.87 


3.77 


53.85 


4.00 


53.83 


4.24 


53.81 


4.47 


54 


55 


54.87 


3.84 


54.85 


4.08 


54.83 


4.32 


54.81 


4.55 


55 


56 


55.86 


3.91 


55.85 


4.15 


55.83 


4.39 


55.81 


4.64 


56 


57 


56.86 


3.98 


56.84 


4.22 


56.82 


4.47 


56.80 


. 4.72 


51 


58 


57.86 


4.05 


57.84 


4.30 


67.82 


4.55 


57.80 


4.80 


58 


59 


58.86 


4.12 


58.84 


4.37 


58.82 


4.63 


58.80 


4.89 


59 


60 


69.85 


4.19 


59.84 


4.45 


59.82 


4.71 


59.79 


4.97 


60 


61 


60.85 


4.26 


60.83 


4.52 


60.81 


4.79 


60.79 


5.05 


61 


62 


61.85 


4.32 


61.83 


4.59 


61.81 


4.86 


61.79 


6.13 


62 


63 


62.85 


4.39 


62.83 


4.67 


62.81 


4.94 


62.78 


6.22 


63 


64 


63.84 


4.46 


63.82 


4.74 


63.80 


5.02 


63.78 


6.30 


64 


65 


64.84 


4.53 


64.82 


4.82 


64.80 


5.10 


64.78 


5.38 


65 


66 


65.84 


4.60 


65.82 


4.89 


65.80 


5.18 


65.77 


5.47 


66 


67 


66.84 


4.67 


66.82 


4.97 


66.79 


5.26 


66.77 


5.55 


67 


68 


67.83 


4.74 


. 67.81 


5.04 


67.79 


5.94 


67.77 


5.63 


68 


69 


68.83 


4.81 


68.81 


5.11 


68.79 


6.41 


68.76 


5.71 


69 


70 


69.83 


4.88 


69.81 


5.19 


69.78 


5.49 


69.76 


5.80 


70 
71 


71 


70.83 


4.95 


70.80 


5.26 


70.78 


5.57 


70.76 


5.88 


72 


71.82 


5.02 


71.80 


5.34 


71.78 


5.65 


71.75 


5.96 


72 


73 


72.82 


5.09 


72.80 


5.41 


72.77 


5.73 


72.75 


6.04 


73 


74 


73.82 


5.16 


73.80 


5.48 


73.77 


5.81 


73.75 


6.13 


74 


75 


74.82 


5.23 


74.79 


5.56 


74.77 


6.88 


74.74 


6.21 


75 


76 


75.81 


5.30 


75.79 


5.63 


75.77 


6.96 


75.74 


6.29 


76 


77 


76.81 


5.37 


76.79 


5.71 


76.76 


6.04 


76.74 


6.38 


77 


78 


77.81 


5.44 


77.79 


5.78 


77.76 


6.12 


77.73 


6.46 


78 


79 


78.81 


5.51 


78.78 


5.85 


78.76 


6.20 


78.73 


6.54 


79 


80 
81 


79.81 


5.58 


79.78 


5.93, 


79.75 


6.28 


79.73 


6.62 


80 


80.80 


5.65 


80.78 


6.00 


80.75 


6.36 


80.72 


6.71 


81 


82 


81.80 


5.72 


81.78 


6.08 


81.75 


6.43 


81.72 


6.79 


82 


83 


82.80 


6.79 


82.77 


6.15 


82.74 


6.51 


82.71 


6.87 


83 


84 


83.80 


6.86 


83.77 


6.23 


83.74 


6.59 


83.71 


6.96 


84 


H5 


84.79 


5.93 


84.77 


6.30 


84.74 


6.67 


84.71 


7.04 


85 


86 


85.79 


6.00 


85.76 


6.37 


85.73 


6.75 


85.70 


7.12 


86 


87 


86.79 


6.07 


86.76 


6.45 


86.73 


6.83 


86.70 


7.20 


87 


8'8 


87.79 


6.14 


87.76 


6.52 


87.73 


6.90 


87.70 


7.29 


88 


89 


88.78 


6.21 


88.76 


6.60 


88.73 


6.98 


88.70 


7.37 


89 


90 


89.78 


6.28 


89.75 


6.67 


89.72 


7.06 


89.69 


7.45 


90 


91 


90.78 


6.35 


90.75 


6.74 


90.72 


7.14 


90.69 


7.54 


91 


92 


91.78 


6.42 


91.75 


6.82 


91.72 


7.22 


91.68 


7.62 


92 


9:^ 


92.77 


6.49 


92.74 


6.89 


92.71 


7.30 


92.68 


7.70 


93 


94 


93.77 


6.56 


9^74 


6.97 


93.71 


7.38 


93.68 


7.78 


94 


95 


M.77 
P5.77 


6.63 


94.74 


7.04 


94.71 


7.45 


94.67 


7.87 


95 


96 


6.70 


95.74 


7.11 


95.70 


7.53 


95.67 


7.95 


96 


97 


96.76 


6.77 


96.73 


7.19 


96.70 


7.61 


96.67 


8.03 


97 


98 


97.76 


6.84 


97.73 


7.26 


97.70 


7.69 


•97.66 


8.12 


98 


99 


98.76 


6.91 


98.73 


7.34 


98.69 


7^77 


98.66 


8.20 


99 


100 


99.76 


6.98 


99.73 


7.41 


99.69 


7.85 


99.66 


8.28 


100 

1 
i 




Dep^ 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


96] 


onr. 


«5i 


Deg^. 


85i 


Deg. 


a6i 


Deg. 
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TRATERSE TABLE. 



1 

i 

« 

I 


5D«f. 


5iD«g. 


SiDey. 


6iDer. 


O 

1 




Lat. 


I^ep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1.00 


0.09 


1.00 


0.09 


1.00 


0.10 


0.99 


0.10 


1 




s 


1.99 


0.17 


1.99 


0.18 


1.99 


0.19 


1.99 


0.20 


2 




3 


2.99 


0.26 


2.99 


0.27 


2.99 


0.29 


2.98 


0.30 


3 




4 


3.98 


0.35 


3.98 


0.37 


3.98 


0.38 


3.98 


0.40 


«H 




6 


4.98 


0.44 


4.98 


0.46 


4.98 


0.48 


4.97 


0.50 


6 




6 


5.98 


0.52 


5.97 


0.55 


5.97 


0.58 


6.97 


0.60 


6 




; 7 


6.97 


0.61 


6.97 


0.64 


6.97 


0.67 


6.96 


0.70 


7 




8 


7.97 


0.70 


7.97 


0.73 


7.96 


0.76 


7.96 


0.80 


8 




9 


8-97 


0.78 


8.96 


0.82 


8.96 


0.86 


8.95 


0.90 


9 




10 


9.96 


0.87 


9.96 


0.92 


9*95 


0.96 


9.95 


1.00 


10 1 




11 


10.96 


0.96 


10.95 


1.01 


10.95 


1.05 


10.94 


1.10 


11 




12 


11.95 


1.05 


11.95 


1.10 


11.94 


1.15 


11.94 


1.20 


12 




13 


12.95 


1.13 


12.95 


1.19 


12.94 


1.25 


12.93 


1.30 


13 




14 


13.95 


1.22 


13.94 


1.28 


13.94 


1.34 


13.93 


1.40 


14 




15 


14.94 


1.31 


14.94 


1.37 


14.93 


1.44 


14.92 


1.50 


15 


• 


16 


15.94 


1.39 


15.93 


1.46 


15.93 


1.53 


15.92 


1.60 


16 




17 


16.94 


1.48 


16.93 


1.56 


16.92 


1.63 


16.91 


1.70 


17 




18 


17.93 


1.57 


17.92 


1.65 


17.92 


1.73 


17.91 


1.80 


18 




19 


18.93 


1.66 


18.92 


1.74 


18.91 


1.82 


18.90 


1.90 


19 




20 


19.92 


1.74 


19.92 


1.83 


19.91 


1.92 


19.90 


2.00 


20 




SI 


20.92 


1.83 


20.91 


1.92 


20.90 


2.01 


20.89 


2.10 


21 




22 


21.92 


1.92 


21.91 


2.01 


21.90 


2.11 


21.89 


2.20 


22 




23 


22.91 


2.00 


22.90 


2.10 


22.89 


2.20 


22.88 


2.30 


23 




24 


23.91 


2.09 


23.90 


2.20 


23.89 


2.30 


23.88 


2.40 


24 




25 


24.90 


2.18 


24.90 


2.29 


24.88 


2.40 


24.87 


2.50 


25 




26 


25.90 


2.27 


25.89 


2.38 


25.88 


2.49 


25.87 


2.60 


26 




27 


26.90 


2.35 


26.89 


2.47 


26.88 


2.69 


26.86 


2.71 


27 




28 


27.89 


2.44 


27.88 


2.56 


27.87 


2.68 


27.86 


2.&1 


28 




29 


28.89 


2.53 


28.88 


2.65 


28.87 


2.78 


28.85 


2.W 


29 




30 


29.89 


2.61 


29.87 


2.76 


29.86 


2.88 


29.85 


3.01 


30 




31 


30.88 


2.70 


30.87 


2.84 


30.86 


2.97 


30.84 


3.11 


31 


32 


31.88 


2.79 


31.87 


2.93 


31.85 


3.07 


31.84 


3.21 


32 




33 


32.87 


2.88 


32.86 


3.02 


32.85 


3.16 


32.83 


3.31 


33 




34 


33.87 


2.96 


33.86 


3.11 


33.84 


3.26 


33.83 


3.41 


34 




35 


34.87 


3.05 


34.85 


3.20 


34.84 


3.35 


34.82 


3.51 


35 




36 


35.86 


3.14 


35.85 


3.29 


35.83 


3.45 


35.82 


3.61 


36 




37 


36.86 


3.22 


36.84 


o»nM 


36.83 


3*65 


36.81 


3.71 


37 




38 


37.86 


3.31 


37.84 


3.48 


37.83 


3.64 


37.81 


3.81 


38 




39 


38.86 


3.40 


38.84 


3.57 


38.82 


3.74 


38.80 


3.91 


39 




40 


39.85 


3.49 


39.83 


3.66 


38.82 


3.83 


38.80 


4.01 


40 




41 


40.84 


3.57 


40.83 


3.75 


40.81 


3.93 


40.79 


4.11 


41 




42 


41.84 


3.66 


41.82 


3.84 


41.81 


4.03 


41.79 


4.21 


42 




43 


42.84 


3.75 


42.82 


3.93 


42.80 


4.12 


42.78 
43.78 
44.77 


4.31 


43 




44 


43.83 


3.83 


43.82 


4.03 


43.80 


4.22 


4.41 


44 




45 


44.83 


3.92 


44.81 


4.12 


44.79 


4.31 


4.51 


45 




46 


45.82 


4.01 


45.81 


4.21 


45.79 


4.41 


45.77 


4.61 


46 




47 


46.82 


4.10 


46.80 


4.30 


46.78 


4.50 


46.76 


4.71 


47 




48 


47.82 


4.18 


47.80 


4.39 


47.78 


4.60 


47.76 


4.81 


48 




49 


48.81 


4.27 


48.79 


4.48 


48.77 


4.70 


48.75 


4.91 


49 




50 


49.81 


4.36 


49.79 


4.58 


49.77 


4.79 


49.75 


5.01 


50 


' 


• 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep« 


Lat. 


• 


• 


Q 


85: 


Dag. 


«. 


Degr. 


841D^. 


94iDeg. 
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q 
1 


6De|:. 


51 Dei;. 


BiDtg. 


5}Deg:. 


1 Distance. Z 




Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




^61 


50.81 


4.44 


50.79 


4.67 


50.77 


4.89 


50.74 


5.11 




52 


51.80 


4.53 


51.78 


4.76 


51.76 


4.98 


51.74 


5.21 


52 




53 


52.80 


4.62 


62.78 


4.85 


52.76 


5.08 


52.73 


5.31 


53 




54 


53.79 


4.71 


53.77 


4.94 


53.75 


5.18 


53.73 


5.41 


54 




55 


54.79 


4.79 


54.77 


5.03 


54,75 


5.27 


54.72 


5.51 


55 




56 


55.79 


4.88 


55.77 


6.12 


55.74 


5.37 


65.72 


5.61 


56 




57 


56.78 


4.97 


56.76 


5.22 


56.74 


5.46 


56.71 


6.71 


57 




58 


57.78 


5.06 


57.76 


5.31 


57.73 


5.56 


57.71 


5.81 


58 




59 


58.78 


5.14 


58.75 


5.40 


58.73 


5.65 


58.70 


5.91 


59 




60 


59.77 


5.23 


59.75 


5.49 


59.72 


5.75 


59.70 


6.01 


60 




61 


60.77 


5.32 


60.74 


5.fl8 


60.72 


5.85 


60.69 


6.11 


61 




62 


61.76 


5.40 


61.74 


5.67 


61.71 


5.94 


61.69 


6.21 


62 1 




63 


62.76 


5.49 


62.74 


5.76 


62.71 


6.04 


62.68 


6.31 


63 { 




64 


63.76 


5.58 


63.73 


5.86 


63.71 


6.13 


63.68 


6.41 


64 




65 


64.75 


5.67 


64.73 


5.95 


64.70 


6.23 


64.67 


6.51 


65 




66 


65.75 


5.75 


65.72 


6.04 


65.70 


6.33 


65.67 


6.61 


66 




67 


66.75 


5.84 


66.72 


6.13 


66.69 


6.42 


66.66 


6.71 


67 




68 


67.74 


5.93 


67.71 


6.22 


67.69 


6.52 


67.66 


6.81 


68 




69 


68.74 


6.01 


68.71 


6.31 


68.68 


6.61 


68.65 


6.91 


69 




74) 


69.73 


6.10 


69.71 


6.41 


69.68 


6.71 


69.65 


7.01 


70 




71 


70.73 


6.19 


70.70 


6.50 


70.67 


6.81 


70.64 


7.11 


71 




72 


71.73 


6.28 


71.70 


6.59 


71.67 


6.90 


71.64 


7.21 


72 




78 


72.T2 


6.36 


72.69 


6.68 


72.66 


7.00 


72.63 


7.31 


73 




74 


73.72 


6.45 


73.69 


6.77 


73.66 


7.09 


73.63 


7.41 


74 




75 


74.71 


6.54 


74.69 


6.86 


74.65 


7.19 


74.62 


7.51 


75 




76 


75.71 


6.62 


75.68 


6.95 


75.65 


7.28 


75.62 


7.61 


76 




77 


76.71 


6,71 


76.68 


7.05 


76.65 


7.38 


76.61 


7.71 


77 




78 


77.70 


6.80 


77.67 


7ri4 


77.64 


7.48 


77.61 


7.81 


78 




79 


78.70 


6.89 


78.67 


7.23 


78.64 


7.57 


78.60 


7.91 


79 




80 


79.70 


6.97 


79.66 


•J.32 


79.63 


7.67 


79.60 


8.02 


80 




81 


80.69 


7.06 


80.66 


7.41 


80.63 


7.76 


80.59 


8.12 


81 




82 


81.69 


7.15 


81.66 


7.50 


81.62 


7.86 


81.59 


8.22 


82 




83 


82.68 


7.23 


82.65 


7.59 


82.62 


7.96 


82.58 


8.32 


83 




84 


83.68 


7.32 


83.65 


7.69 


83.61 


8.05 


83.58 


8.42 


84 




85 


84.68 


7.41 


84.64 


7.78 


84.61 


8.15 


84.57 


8.52 


85 




86 


85.67 


7.50 


85.64 


7.87 


85.60 


8.24 


85.57 


8.62 


86 




87 


86.67 


7.58 


86.64 


7.96 


86.60 


8.34 


86.56 


8.72 


87 




88 


87.67 


7.67 


87.63 


8.05 


87.59 


8.43 


87.56 


8.82 


88 




89 


88.66 


7.76 


88.63 


8.14 


88.59 


8.53 


88.55 


8.92 


89 




90 


89.66 


7.84 


89.62 


8.24 


89.59 


8.63 


89.55 


9.02 


90 




91 


90.65 


7.93 


90.62 


8.33 


90.58 


8.72 


90.54 


9.12 


91 




92 


91.65 


8.02 


91.61 


8.42 


91.58 


8.82 


91.54 


9.22 


92 




93 


92.65 


8.11 


92.61 


8.51 


92.57 


8.91 


92.53 


9.32 


93 




94 


93.64 


8.19 


93.61 


8.60 


93.57 


9.01 


93.53 


9.42 


94 




95 


94.64 


8.28 


94.60 


8.69 


94.56 


9.11 


94.52 


9.52 


95 




96 


95.63 


8.37 


95.60 


8.78 


95.56 


9.20 


95.52 


9.62 


96 




97 


96.63 


8.45 


90. o9 


8.88 


96.55 


9.30 


96.51 


9.72 


97 




98 


97.63 


8.54 


97.59 


8.97 


97.55 


9.39 


97.51 


9.82 


98 




99 


98.62 


8.63 


98.59 


9.06 


98.54 


9.49 


98.50 


9.92 


99 




100 


99.62 


8.72 


99.58 


9.15 


99.54 


9.58 


99.50 


10.02 


100 




• 

s 

i 
« 


Dap. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


S 

1 

1: 


851 


>^. 


841 


Dei;. 


84i 


D^. 


84*1 


Deg. 




mSSi 


^^■^" 




iSSSSS 


« 
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TRAVEltSE TABLE. 



D 


6Desp. 


6iDe|;. 


»Deg;, 


6i D^. 


8' 

1 


i 

• 


Lat. 


Dep. 


Lat. 


P^. 


Lat. 


Dep. 


Lat. 


Dep. 


o 

• 


1 


0.99 


0.10 


0.99 


0.11 


0.99 


0.11 


0.99 


0.12 


1 


2 


1.99 


0.21 


1.99 


0.22 


1.99 


0.23 


1.99 


0.24 


2 


3 


2.98 


0.31 


2.98 


0.33 


2.98 


0.34 


2.98 


0.35 


3 


4 


3.98 


0.41 


3.98 


0.44 


3.97 


0.45 


3.97 


0.47 


4 


5 


4.97 


0.52 


4.97 


0.54 


4.97 


0.57 


4.97 


0.69 


6 


6 


6.97 


0.63 


5.96 


0.65 


6.96 


0.68 


5.96 


0.71 


6 


7 


6.96 


0.73 


6.96 


0.76 


6.96 


0.79 


6.95 


0.82 


7 


8 


7.96 


0.84 


7.95 


0.87 


7.95 


0.91 


7.94 


0.94 


8 


9 


8.95 


B.94 


8.95 


0.98 


8.94 < 


1.02 


8.94 


1.06 


9 


10 


9.95 


1.05 


9.94 


1.09 


0.94 


1.13 


9.93 


1.18 


10 


11 


10.94 


1.15 


10.93 


1.20 


10.93 


1.25 


10.92 


1.29 


11 


12 


11.93 


1.25 


11.93 


1.31 


11.92 


1.36 


11.92 


1.41 


12 


13 


12.93 


1.36 


12.92 


1.42 


12.92 


1.47 


12.91 


1.53 


13 


14 


•13.92 


1.46 


13.92 


1.52 


13.91 


1.59 


13.90 


1.65 


14 


15 


14.92 


1.57 


14.91 


1.63 


14.90 


1.78 


14.90 


1.76 


15 


16 


15.91 


1.67 


15.90 


1.74 


15.90 


1.81 


15.89 


1.88 


16 


17 


16.91 


1.78 


16.90 


1.85 


16.89 


1.92 


16.88 


2.00 


17 


18 


17.90 


1.88 


17.89 


1.96 


17.88 


2.04 


17.88 


2.12 


18 


19 


18.90 


1.99 


18.89 


2.07 


18.88 


2.15 


18.87 


2.23 


19 


?o 


19.89 


2.09 


19.88 


2.18 


19.87 


2.26 


19.86 


2.35 


20 


21 


20.88 


2.20 


20.88 


2.29 


20.87 


2.38 


20.85 


2.47 


21 


22 


21.88 


2.30 


21.87 


2.40 


21.86 


2.49 


21.85 


2.59 


22 


23 


22.87 


2.40 


22.86 


2.50 


22.85 


2.60 


22.84 


2.70 


23 


24 


23.87 


2.51 


23.86 


2.61 


23.85 


2.72 


23.83 


2.82 


24 


25 


24.86 


2.61 


24.85 


2.72 


24.84 


2.83 


24.83 


2.94 


25 


26 


25.86 


2.72 


25.85 


2.83 


25.83 


2.94 


i25.82 


3.06 


26 


27 


26.85 


2.82 


26.84 


2.94 


26.83 


3.06 


26.81 


3.17 


27 


28 


27.85 


2.93 


27.83 


3.05 


27.82 


3.17 


27.81 


3.29 


28 


29 


28.84 


3.03 


28.83 


3.16 


28.81 


3.28 


28.80 


3.41 


29 


30 


29.84 


3.14 


29.82 


3.27 


^.^1 


3.40 


29.79 


3.53 


30 


31 


30.83 


3.24 


30.82 


3.37 


30.80 


3.51 


30.79 


3.64 


31 


32 


31.82 


. 3.34 


31.81 


3.48 


31.79 


3.62 


31.78 


3.76 


32 


?tt 


32.82 


3.45 


32.80 


3.59 


32.79 


3.74 


32.77 


3.88 


33 


34 


33.81 


3.55 


33.80 


3.70 


33.78 


3.85 


33.76 


4.00 


34 


35 


34.81 


3.66 


34.79 


3.81 


34.78 


3.96 


34.76 


4.11 


35 


36 


35.80 


3.76 


35.79 


3.92 


35.77 


4.08 


35.75 


4.23 


36 


37 


36.80 


3.87 


36.78 


4.03 


36.76 


4.19 


36.75 


4.35 


37 


38 


37.79 


3.97 


37.77 


4.14 


37.76 


4.30 


37.74 


4.47 


38 


39 


38.79 


4.08 


38.77 


4.25 


38.75 


4.41 


38.73 


4.58 


39 


40 


39.78 


4.18 


39.76 


4.35 


39.74 


4.53 


39.72 


4.70 


40 


41 


40.78 


4.29 


40.76 


4.46 


40.74 


4.64 


40.72 


4.82 


41 


42 


41.77 


4.39 


41.75 


4.57 


41.73 


4.76 


41.71 


4.94 


42 


43 


42.76 


4.49 


42.74 


4.68 


42.72 


4.87 


42.70 


5.05 


43 


44 


43.76 


4.60 


43.74 


4.79 


43.72 


4.98 


43.70 


6.17 


44 


45 


44.75 


4.70 


44.73 


4.90 


44.71 


5.09 


44.69 


5.29 


45 


46 


45.75 


4.81 


45.73 


5.01 


45.70 


6.21 


45.68 


6.41 


46 


47 


46.74 


4.91 


46.72 


5.12 


46.70 


6.32 


46.67 


5.52 


47 


48 


47.74 


5.02 


47.71 


5.23 


47.69 


5.43 


47.67 


5.64 


48 


49 


48.73 


5.12 


48.71 


6.34 


48.69 


5.55 


48.66 


5.76 


49 


50 


49.73 


5.23 


49.70 


5.44 


49.68 


6.66 


49.65 


6.88 


50 


1 Distance. 


Dap. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


D^. 


Lat. 


.8 ! 


841 


>•». 


WiDeir. 


83i 


Degr. 


83iDe;. 



v 
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B' 
o 

■ 

51 


6Deg. 


M Deg. 


OiDeg:. 


6iDeg. 


B' 

s 




Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




50.72 


6.33 


60.70 


6.55 


60.67 


6.77 


50.65 


6.99 


51 




52 


61.72 


6.44 


61.69 


5.66 


51.67 


5.89 


61.64 


6.11 


52 




53 


62.71 


6.54 


52.68 


6.77 


62.66 


6.00 


62.63 


6.23 


53 




54 


53.70 


5.64 


63.68 


5.88 


63.65 


6.11 


53.63 


6.35 


54 




55 


54.70 


6.75 


64.67 


6.99 


64.65 


6.23 


64.62 


6.46 


55 




56 


65.69 


6.85 


55.67 


6.10 


55.64 


6.34 


55.61 


6.58 


56 




57 : 56 69 


6.96 


56.66 


6.21 


56.63 


6.45 


66.60 


6.70 


57 




58 


57.68 


6.06 


57.66 


6.31 


57.63 


6.57 


67.60 


6.82 


58 




59 


68.68 


6.17 


68.65 


6.42 


58.62 


6.68 , 


68.69 


6.93 


59 




60 
61 


59.67 


6.27 


69.64 


6.53 


69.61 


6.79 


69.58 


7.05 


60 




60.67 


6.38 


60.64 


6.64 


60.61 


6.91 


60.58 


7.17 


61 




62 


61.66 


6.43 


61.63 


6.76 


61.60 


7.02 


61.57 


7.29 


62 




63 


62.65 


6.59 


62.63 


6.86 


62.60 


7.13 


62.56 


7.40 


63 




64 


63.65 


6.69 


63.62 


6.97 


63.59 


7.25 


63.56 


7.52 


64 




65 


64.64 


6.79 


64.61 


7.08 


64.58 


7.36 


64.55 


7.64 


65 




66 


65.64 


6.90 


65.61 


7.19 


65.58 


7.47 


65.54 


7.76 


66 




67 


66.63 


7.00 


66.60 


7.29 


66.57 


7.68 


66.54 


7.88 


67 




68 


67.63 


7.11 


67.60 


7.40 


67.56 


7.70 


67.53 


l99 


68 




69 


68.62 


7.21 


68.69 


7.61 


68.56 


7.81 


68.52 


8.11 


69 




70 


69.62 


7.32 


69.58 


7.62 


69.56 


7.92 


69.51 


8.23 


70 




71 


70.61 


7.42 


70.58 


7.73 


70.54 


8.04 


70.51 


8.35 


71 




72 


71.61 


7.53 


71.57 


7.84 


71.54 


8.15 


71.50 


8.46 


72 




73 


72.60 


7.63 


72.57^ 


. 7.95 


72.53 


8.26 


72.49 


8.68 


73 




74 


73.59 


7.74 


73.56^ 


8.06 


73.52 


8.3^ 


73.49 


8.70 


74 




75 


74.59 


7.84 


74.55 


8.17 


74.52 


8.49 


74.48 


8.82 


75 




76 


75.58 


7.94 


75.55 


8.27 


75.51 


8.60 


75.47 


8.93 


76 




77 


76.58 


8.05 


76.54 


8.38 


76.51 


8.72 


76.47 


9.05 


77 




78 


77.57 


8.15 


77.54 


8.49 


77.60 


8.83 


77.46 


9.17 


78 




79 


78.57 


8.26 


78.53 


9.60 


78.49 


8.94 


78.45 


9.29 


■79 




80 
81 


79.56 


8.36 


79.53 


8.71 


79.49 


9.06 


79.45 


9.40 


80 




80.56 


8.47 


80.52 


8.82 


80.48 


9.17 


80.44 


9.52 


81 




82 


81.66 


8.57 


81.51 


8.93 


81.47 


9.28 


81.43 


9.64 


82 




83 


82.65 


8.68 


82.51 


9.04 


82.47 


9.40 


82.42 


9.76 


83 




84 


83.54 


8.78 


83.50 


9.14 


83.46 


9.51 


83.42 


9.87 


84 




85 84.53 1 


8.88 


84.60 


9.25 


84.45 


9.62 


84.41 


9.99 


85 




86 


85.63 


8.99 


86.49 


9.36 


85.46 


9.74 


85.40 


10.11 


86 




87 


86.62 


9.09 


86.48 


9.47 


86.44 


9.85 


86.40 


10.23 


87 




88 


87.52 


9.20 


87.48 


9.68 


87.43 


9.96 


87.39 


10.34 


88 




89 


88.51 


9.30 


88.47 


9.69 


88.43 


10.08 


88.38 


10.46 


89 




90 


89.51 


9.41 


89.47 


9.80 


89.42 


10.19 


89.38 


10.68 


90 




91 


90.50 


9.51 


90.46 


9.91 


90.42 


10.30 


90.37 


10.70 


91 




92 91.50 1 


9.62 


91.45 


10.02 


91.41 


10.41 


91.36 


10.81 


92 




93 


92.49 


9.72 


92.45 


10.12 


92.40 


10.58 
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Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




50.50 


7.10 


50.47 


7.32 


60.44 


7.54 


50.41 


7.76 


61 




64 


51.49 


7.24 


51.46 


7.46 


51.43 


7.69 


61.39 


7.91 


52 




53 


52.48 


7.38 


62.45 


7.61 


62.42 


7.83 


52.38 


8.06 


53 




54 


53.47 


7.52 


63.44 


7.75 


63.41 


7.98 


63.37 


8.21 


54 




55 


54.46 


7.65 


64.43 


7.89 


64.40 


8.13 


64.36 


8.37 


65 




56 


55.46 


7.79 


65.42 


8.04 


65.38 


8.28 


65.35 


8.52 


56 




57 


56.45 


7.93 


56.41 


8.18 


66.37 


8.43 


66.34 


8.67 


57 




58 


57.44 


8.07 


67.40 


8.32 


67.36 


8.57 


67.32 


8.82 


68 




59 


58.43 


8.21 


58.39 


8.47 


58.35 


8.72 


68.31 


8.98 


59 




60 
61 


59.42 


8.35 


59.38 


8.61 


59.34 


8.87 


69.30 


9.13 


60 




60.41 


8.49 


60.37 


8.75 


60.33 


9.02 


60.29 


9.28 


61 




62 


61.40 


8.63 


61.36 


8.90 


61.32 


9.16 


61.28 


9.43 


62 




63 


62.39 


8.77 


62.35 


9.04 


62.31 


9.31 


62.27 


9.58 


6ti 




64 


63.38 


8.91 


63.34 


9.18 


63.30 


9.46 


63.26 


9.74 


64 




65 


64.37 


9.05 


64.33 


9.33 


64.29 


9.61 


64.24 


9.89 


65 




66 


65.36 


9.19 


65.32 


^.47 


65.28 


9.76 


66.23 


10.04 


66 




67 


66.35 


9.32 


66.31 


9.61 


66.26 


9.90 


66.22 


10.19 


67 




68 


67.34 


9.46 


67.30 


9.76 


67.25 


10.05 


67.21 


10.34 


68 




A 


68.33 


9.60 


68.29 


9.90 


68.24 


10.20 


68.20 


10.60 


69 




70 


69-. 32 


9.74 


69.28 


10.04 


69.23 


10.35 


69.19 


10.65 


70 




71 


70.31 


9.88 


70.27 


10.19 


70.22 


10.49 


70.17 


10.80 


71 




72 


71.30 


10.02 


71.25 


10.33 


71.21 


10.64 


71.16 


10.95 


72 




73 


72.29 


10.16 


72.24 


10.47 


72.20 


10.79 


72.15 


11.10 


73 




74 


73.28 


10.30 


73.23 


10.62 


73.19 


10f94 


73.14 


11.26 


74 




75 


74.27 


10.44 


74.22 


10.76 


74.18 


11.09 


74.13 


11.41 


75 




76 


75.26 


10.58 


75.21 


10.91 


75.17 


11.23 


75.12 


11.56 


76 




77 


76.25 


10.72 


76.20 


11.05 


76.16 


11.38 


76.10 


11.71 


77 




78 


77.24 


10.86 


77.19 


11.19 


77.14 


11.53 


77.09 


11.87 


78 




79 


78.23 


10.99 


78.18 


11.34 


78.13 


11.68 


78.08 


12.02 


79 




80 
81 


79.22 


11.13 


79.17 


11.48 


79.12 


11.82 


79.07 


12.17 


80 




80.21 


11.27 


80.16 


11.62 


80.11 


11. 9t 


80.06 


12.32 
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82 


81.20 


11.41 


81.15 


11.77 


81.10 


12.12 


81.05 


12.47 


82 




83 


82.19 


11.55 


82.14 


11.91 


82.09 


12.27 


82.03 


12.63 


83 




84 


83.18 


11.69 


83.13 


12.05 


83.08 


12.42 


83.02 


12.78 


84 




S5 


84.17 1 


11.83 


84.12 


12.20 


84.07 


12.56 


84.01 


12.93 


85 




86 


85.16 


11.97 


85.11 


12.34 


85.06 


12.71 


85.00 


13.08 


86 




87 


86.15 


12.11 


86.10 


12.48 


86.04 


12.86 


85.99 


13.23 


87 




88 


87.14 


12.25 


87.09 


12.63 


87.08 


13.01 


86.98 


13.39 


88 




89 


88.13 


12.39 


88.08 


12.77 


88.02 


13.16 


87.96 


13.54 


89 




90 
91 


89.12 


12.53 


88.07 


12.91 


89.01 


13.30 


88.96 


13.69 
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12.66 


90.06 


13.0d 


90.00 
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89.94 


13.84 ! 91 




92 


91.10 


12.80 


91.05 


13.20 


90.99 


13.60 


90.93 


14.00 
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93 


92.019 


12.94 


92.04 


13.34 


91.98 13.75 


91.92 


14.15 


93 




94 


93.09 


13.08 


93.03 


13.49 


92.97 13.89 


92.91 


14.30 
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95 


94.08 


13.22 


94.02 


13.63 


93.96 


14.04 


93.89 


14.45 


95 




96 


95.07 


13.36 


95.01 


13.78 


94.95 


14.19 


94.88 


14.60 


96 




97 


96.06 


13.50 


96.00 


13.92 


95.93 


14.34 


95.87 


14.76 


97 




98 


97.05 


13.64 


96.99 


14.06 


96.92 


14.49 


96.86 


14.91 


98 




99 


98.04 


13.78 


97.98 


14.21 


97.91 
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97.85 
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» 14.35 


98.90 


14.78 


98.84 


16.21 


100 




• 

s 

g 
« 


Dep. 


Lat 1 


Dep. 


LaU 


Dep. 


Lat. 


Dep. Lat 


■ 

s 

t 






^* 1 






II 








821 


811 ] 


Df. 


81i Degp. 1 


8U Dtf. 


• 



20 






TRAVERSE TABLE. 








I 




8 

• 


9J)eg. 
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Dep. 


Lftt. 


Dep. 
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Dep. 
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1 


0.99 


0.16 


0.99 


0.16 


0.99 


0.17 


0.99 


0.17 


1 






2 


1.98 


0.31 


1.97 


0.32 


1.97 


0.33 


1.97 


0.34 


2 






3 


2.96 


0.47 


2.96 


0<48 


2.96 


0.50 


2.96 


0.51 


3 






4 


3.95 


0.63 


3.95 


0.64 


3.95 


0.66 


3.94 


0.68 


4 






6 


4.94 


0.78 


4.93 


0.80 


4.93 


0.83 


4.93 


0.85 


5 






6 


5.93 


0.94 


5.92 


0.96 


5.92 


0.99 


5.91 


1.02 


6 






7 


6.91 


1.10 


6.91 


1.13 


6.90 


1.16 


6.90 


1.19 


7 






8 


7.90 


1.25 


7.90 


1.29 


7.89 


1.32 


7.88 


1.35 


8 






9 


8.89 


1.41 


8.88 
9.87 


1.45 


8.88 


1.49 


8.87 


1.52 


9 






10 


9.88 


1.56 


1.61 


9.86 


1.65 


9.00 


1.69 


10 






11 


10.86 


1.72 


10.86 


1.77 


10.85 


1.82 


10.84 


1.86 


11 






1« 


11.85 


1.88 


n.84 


1.93 


11.84 


1.98 


11.83 


2.03 


12 






13 


12.84 


2.03 


12.83 


2.09 


12.82 


2.15 


12.81 


2.20 


13 






14 


13.83 


2.19 


13.82 


2.25 


13.81 


2.31 


13.80 


2.37 


14 






15 


14.82 


2.35 


14.80 


2.41 


14.79 


2.48 


14.78 


2.54 


15 






16 


15.80 


2.50 


15.79 


2^7 


15.78 


2.64 


15.77 


2.71 


16 






17 


16.79 


2.66 


16.78 


2.73 


16.77 


2.81 
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2.88 


17 






18 


17.78 


2.82 


17.77 


2.89 


17.75 


2.97 


17.74 


3.05 


H 






19 


18.77 


2.97 


18.75 


3.05 


18.74 


3.14 


18.73 


3.22 






20 


19.75 


3.13 


19.74 


3.21 


19.73 


3.30 


19.71 


3.39 


20 






21 


20.74 


3.29 


80.73 


3.38 


20.71 


3.47 


20.70 


3.56 


21 






22 


21.73 


3.44 


21.71 


3.54 


21.70 


3.63 


21.68 


3.73 


22 






23 


22.72 


3.60 


22.70 


3.70 


22.68 


3.80 


22.67 


3.90 


23 






24 


23.70 


3.75 


23.69 


3.86 


23.67 


3.96 


23.65 


4.06 


24 






25 


24.69 


3.91 


24.67 


4.02 


24.66 


4.13 


24.64 


4.23 


25 






26 


25.68 


4.07 


25.66 


4.18 


25.64 


4.29 


25.62 


4.40 


26 






27 


26.67 


4.22 


26.65 


4.34 


26.63 


4.46 


26.61 


4.57 


27 






28 


27.66 


4.38 


27.64 


4.50 


27.62 


4.62 


27.60 


4.74 


28 






29 


28.64 


4.54 


28.62 


4.66 


28.60 


4.79 


28.58 


4.91 


29 






30 


29.63 


4.69 


29.61 


f 82 


29.59 


4.95 


29.67 


5.08 


,10 






31 


30.62 


4.85 


30.60 


4.98 


30.67 


5.12 


30.55 


5.25 


31 






32 


31.61 


5.01 


31.58 


5.14 


31.56 


5.28 


31.54 


5.42 


32 






33 


32.59 


5.16 


32.57 


5.30 


32.65 


5.45 


32.52 


5.59 


;« 






34 


33.58 


5.32 


33.56 


5.47 


33.53 


5.61 


33.51 


5.76 


34 






35 


34.67 


5.48 


34.54 


5.63 


34.52 


5.78 


34.49 


5.93 


as 






36 


35.56 


5.63 


35.53 


5.79 


35.51 


5.94 


35.48 


6.10 


36 






37 


36.54 


5.79 


36.52 


5.95 


36.49 


6.11 


36.47 


6.27 


37 






38 


37.^3 


5.94 


37.51 


6.U 


37.48 


6.27 


37.45 


6.44 


38 






39 


38.52 


6.10 


38.49 


6.27 


38.47 


6.44 


38.44 


6.60 


39 






40 


39.51 


6.26 


39.48 


6.43 


39.45 


6.60 


39.42 


6.77 


40 






41 


40.50 


6.41 


40.47 


6.59 


40.44 


6.77 


40.41 


6.94 


41 






42 


41.48 


6.57 


41.45 


6.75 


41.42 


6.92 


41.39 


7.11 


42 






43 


42.47 


6.73 


42.44 


6.91 


42.41 


7.10 


42.38 


7.28 


43 






44 


43.46 


6.88 


43.43 


7.07 


43.40 


7.26 


43.36 


7.45 


44 






45 


44.45 


7.04 


44.41 


7.23 


44.38 


7.43 


44.35 


7.62 


45 






46 


45.43 


7.20 


45.40 


7.39 


45.37 


7.59 


45.34 


7.79 


46 






47 


46.42 


7.35 


46.39 


7.55 


46.36 


7.76 


46.32 


7.96 


47 






48 


47.41 


7.51 


47.38 


7.72 


47.34 


7.92 


47.31 


8.13 


48 






49 


48.40 


7.67 


48.36 


7.88 


48.33 


8.09 


48.29 


8.30 


49 






50 


49.38 


7.82 


49.35 


8.04 


49.32 


%8.25 


49.28 


8.47 
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1 

• 

51 


9D9g. 


OiDtg. 


HDeg. 


»!!>««:. 



§ 

• 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


50.37 


7.98 


50.34 


8.20 


50.30 


8.42 


50.26 


8.64 


51 


52 


51.36 


8.13 


51.32 


8.36 


51.29 


8.58 


51.25 


8.81 


52 


53 


52.35 


8.29 


52.31 


8.52 


52.27 


8.75 


52.23 


8.98 


53 


54 


53.34 


8.45 


53.30 


8.68 


53.26 


8.91 


53.22 


9.14 


54 


55 


54.32 


8.60 


54.28 


8.84 


54.25 


9.08 


54.21 


9.31 


55 


56 


55.31 


8.76 


.55.27 


9.00 


55.23 


9.24 


55.19 


9.48 


56 


57 


56.30 


8.92 


56.26 


9.16 


66.22 


9.41 


56.18 


9.65 


57 


58 


57.29 


9.07 


57.25 


9.32 


57.20 


9.57 


57.16 


9.82 


58 


59 


58.27 


9.23 


58.23 


9.48 


58.19 


9.74 


58.15 


9.99 


59 


eo 


59.26 


9.39 


59.22 


9.64 


59.18 


9.90 


59.13 


10.16 


60 


61 


60.25 


9.54 


60.21 


9.81 


60.16 


10.07 


60.12 


10.33 


61 


62 


61.24 


9.70 


61.19 


9.97 


61.15 


10.23 


61.10 


10.50 


62 


63 


62.22 


9.86 


62.18 


10.13 


62.14 


10.40 


62.09 


10.67 


63 


64 


63.21 


10.01 


63.17 


10.29 


63.12 


10.56 


63.08 


10.84 


64 


65 


64.20 


10.17 


64.15 


10.45 


64.11 


10.73 


64.06 


11.01 


65 


66 


65.19 


10.32 


65.14 


10.61 


65.09 


10.89 


65.05 


11.18 


6? 


67 


66.18 


10.48 


66.13 


10.77 


66.08 


11.06 


66.03 


11.35 


67 


68 


67.16 


10.64 


67.12 


10.93 


67.07 


11.22 


67.02 


11.52 


68 


69 


68.15 


10.79 


68.10 


11.09 


68.06 


11.39 


68.00 


11.69 


69 


70 


69.14 


10.95 


69.09 


11.25 


69.04 


11.55 


68.99 


11.85 


70 
71 


71 


70.13 


11.11 


70.08 


11.41 


70.03 


11.72 


69.97 


12.02 


72 


71.11 


11.26 


71.06 


11.57 


71.01 


11.88 


70.96 


12.19 


72 


73 


72.10 


11.42 


72.05 


11.73 


72.00 


12.0% 


71.95 


12.36 


73 


74 


73.09 


11.58 


73.04 


11.89 


72.99 


12.21 


72.93 


12.53 


74 


75 


74.08 


11.73 


74.02 


12.06 


73.97 


12.38 


73.92 


12.70 


75 


76 


75.06 


11.89 


75.01 


12.22 


74.96 


12.54 


74.90 


12.87 


76 


77 


76.05 


12.05 


76.00 


12.38 


75.94 


12.71 


75.89 


13.04 


77 


78 


77.04 


12.20 


76.99 


12.54 


76.93 


12.87 


76.87 


13.21 


78 


79 


78.03 


12.36 


77.97 


12.70 


77.92 


13.04 


77.86 


13.38 


79 


80 


79.02 


12.51 


78.96 


12.86 


78.90 


13.20 


78.84 


13.55 


80 


81 


80.00 


12.67 


79.95 


13.02 


79.89 


13.37 


79.83 


13.72 


81 


82 


80.99 


12.83 


80.93 


13.18 


80.88 


13.53 


80.82 


13.89 


82 


83 


81.98 


12.98 


81.92 


13.34 


81.86 


13.70 


81.80 


14.06 


83 


84 


82.97 


13.14 


82.91 


13.50 


82.85 


13.86 


82.79 


14.23 


84 


85 


83.95 


13.30 


83.89 


13.66 


83.83 


14.03 


83.77 


14.39 


H5 


86 


84.94 


13.45 


84.88 


13.82 


84.82 


14.19 


84.76 


14.56 


86 


87 


85.93 


13.61 


85.87 


13.98 


85.81 


14.36 


85.74 


14.73 


87 


88 


86.92 


13.77 


86.86 


14.15 


86.79 


14.52 


86.73 


14.90 


88 


89 


87.90 


13.92 


87.84 


14.31 


87.78 


14.69 


87.71 


15.07 


89 


90 


88.89 


14.08 


88.83 


^4.47 


88.77 


14.85 


88.70 


15.24 


90 


91 


89.88 


14.24 


89.82 


14.63 


89.75 


15.02 


89.69 


15.41 


91 


92 


90.87 


14.39 


90.80 


14.79 


90.74 


15.18 


90.67 


15.58 


92 


93 


91.86 


14.55 


91.79 


14.95 


91.72 


15.35 


91.66 


15.75 


93 


94 


92.84 


14.70 


92.78 


15.11 


92.71 


15.51 


92.64 


15.92 


94 


95 


93.83 


14.86 


93.76 


15.27 


93.70 


15.68 


93.63 


16.09 


95 


96 


94.82 


15.02 


94.75 


15.43 


94.68 


15.84 


94.61 


16.26 


96 


97 


95.81 


15.17 


95.74 


15.59 


95.67 


16.01 


95.60 


16.43 


97 


98 


96.79 


15.33 


96.73 


15.75 


96.66 


16.17 


96.58 


16.60 


98 


99 


97.78 


15.49 


97.71 


15.91 


97.64 


16.34 


97.57 


16.77 
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16.50 
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1 


lODe^. 


lot Dflf. 


lOiDei:. 


lOfDeg. 


1 Distance. 


Lai. 


Dep. 


Lat. 


Dep. 


L»t. 


Dep. 


Lat. 


Dep. 


0.98 


0.17 


0.98 


0.18 


0.98 


0.18 


0.98 


0.19 


1 


2 


1.97 


0.35 


1.97 


0.36 


1.97 


0.36 


1.96 


0.37 


2 


3 


2.95 


0.52 


2.95 


0.53 


2.95 


0.55 


2.95 


0.56 


3 


4 


3.94 


0.69 


3.94 


0.71 


3.93 


0.73 


3.93 


0.75 


4 


6 


4.92 


0.87 


4.92 


0.89 


4.92 


0.91 


4.91 


0.93 


5 


6 


5.91 


1.04 


5.90 


1.07 


5.90 


1.09 


5.89 


1.12 


6 


7 


6.89 


1.22 


6.89 


1.25 


6.88 


1.28 


6.88 


1.31 


7 


8 


7.88 


1.39 


7.87 


1.42 
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6.30 


26.23 


6.42 


27 


28 


27.28 


6.30 


27.25 


6.42 


27.23 


6.54 


27.20 


6.66 


28 


29 


28.26 


6.52 


28.23 


6.65 


28.20 


6.77 


28.17 


6.89 


29 


30 


29.23 


6.75 


29.20 


6.88 


29.17 


7.00 


29.14 


7.13 


30 


31 


30.21 


6.97 


30.17 


7.11 


30.14 


7.24 


30.11 


7.37 


31 


32 


31.18 


7.20 


31.15 


7.33 


31.12 


7.47 


31.08 


7.61 


32 


33 


32. 1& 


7.42 


32.42 


7.56 


32.09 


7.70 


32.05 


7.84 


33 


34 


33.15 


7.65 


33.09 


7.79 


33.06 


7.94 


33.03 


8.08 


34 


35 


34.10 


7.87 


34.07 


8.02 


34.03 


8.17 


34.00 


8.32 


35 


36 


35.08 


8.10 


35.04 


8.25 


35.01 


8.40 


34.97 


8.56 


36 


37 


36.05 


8.32 


36.02 


8.48 


35.98 


8.64 


35.94 


8.79 


37 


38 


37.03 


8.55 


.36.99 


8.71 


36.95 


8.87 


36.91 


9.03 


38 


39 


38.00 


8.77 


37.96 


8.94 


37.92 


9.10 


37.88 


9.27 


39 


40 


38.97 


9.00 


38.94 


9.17 


38.89 


9.34 


38.85 


9.51 


40 


41 


39.95 


9.22 


39.91 


9.40 


39.87 


9.57 


39.83 


9.75 


41 


42 


40.92 


9.46 


40.88 


9.63 


40.84 


9.80 


40.80 


9.98 


42 


43 


41.90 


9.67 


41.86 


9.86 


41.81 


10.04 


41.77 


10.22 


43 


44 


42.8T 


9.90 


42.83 


10.08 


42.78 


10.27 


49.74 


10.46 


44 


45 


43.85 


10.12 


43.80 


10.31 


43.76 


10.51 


43.71 


10.70 


45 


46 


44.82 


10.35 


44.78 


10.54 


44.73 


10.74 


44.68 


10.93 


46 


47 


46.80 


.10.57 


45.75 


10.77 


45.70 


10.97 


45.65 


11.17 


47 


48 


46.77 


10.80 


46.72 


11.00 


46.67 


11.21 


46.62 


11.41 


48 


49 


47.74 


11.02 


47.70 


11.23 


47.65 


11.44 


47.60 


11.65 


49 


50 


48.72 


11.25 


48.67 


11.46 


48.62 


11.67 


48.57 


11.88 


50 

« 


• 


Dep. 


^•i 


D«p. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


















1 


.3 


TTl 


Jtg« 


m 


De?. 


761 


Deg. 


76} 


Dey. 


1 



TRAVERSE TABLE: 



2< 





S' 

» 


13Deg. 


13i Deg. 


13J Degr. 


13f Deg. 


1 

s 

• 
51 




Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 




51 


49.69 


11.47 


49.64 


11.69 


49.69 


11.91 


49.64 


12.12 




52 


60.67 


11.70 


60.62 


11.92 


60.66 


12.14 


60.61 


12.36 


52 




63. 


51.64 


11.92 


61.59 


12.15 


61.64 


12.37 


61.48 


12.60 


53 




64 


52.62 


12.15 


^ 52.66 


12.38 


62.61 


12.61 


62.45 


12.84 


64 




55 


63.69 


12.37 


63.54 


12.61 


63.48 


12.84 


63.42 


13.07 


65 




56 


6k4.56 


12.60 


64.61 


12.84 


64.45 


13.07 


6(4.40 


13-31 


66 




67 


55.64 


12.82 


56.48 


13.06 


66.43 


18.31 


65.37 


13.55 


67 




68 


66.61 


13.05 


66.46 


13.29 


66.40 


13.64 


66.34 , 


13.79 


68 




69 


67.49 


13.27 


67.43 


13.52 


57-37 


13.77 


67.31 ' 


14.02 


69 




60 


68.46 


13.60 


68.40 


13.75 


58.34 


14.01 


68.28 


14.26 


60 




61 


59.44 


13.72 


69.38 


13.98 


69.31 


14.24 


59.25 


14.50 


61 




62 


60.41 


13.96 


60.35 


14.21 


60.29 


14.47 


60.22 


14.74 


62 




63 


61.39 


14.17 


61.32 


14.44 


61.26 


14.71 


61.19 


14.97 


63 




64 


62.36 


14.40 


62.30 


14.67 


62.23 


14.94 


62.17 


16.21 


64 




65 


63.33 


14.62 


63.27 


14.90 


63.20 


15.17 


63.14 


15.45 


65 




66 


64.31 


14.86 


64.24 


15.13 


64.18 


15.41 


64.11 


16.69 


66 




67 


66.28 


16.07 


65.22 


16.36 


66.15 


15.64 


65.08 


15.93 


67 




68 


66.26 


16.30 


66.19 


16.69 


66.12 


15.87 


66.05 


16.16 


68 




69 


67.23 


15.62 


67.16 


15.81 


67.09 


16.11 


67.02 


16.40 


69 




70 


68.21 


15-75 


68.14 


16.04 


68.07 


16.34 


67.99 


16.64 


70 




71 


69.18 


15.97 


69.11 


16.27 


69.04 


16.57 


68.97 


16.88 


71 




72 


70.15 


16.20 


70.08 


16.60 


70.01 


16.81 


69.94 


17.11 


72 




73 


71.13 


16.42 


71.06 


16.73 


70.98 


17.04 


70. SI 


17.35 


73 




74 


72.10 


16.65 


72.03 


16.96 


71,96 


17.28 


71 .«8 


17-69 


74 




76 1 73.08 


16.87 


73.00 


17.19 


72.93 


17.60 


72.«5 


17.83 


75 




76 


74.06 


17.10 


73.98 


17.42 


73.90 


17.74 


73.62 


18.06 


76 




77 


76.03 


17.32 


74.95 


17.65 


74.87 


17.98 


74.79 


18.30 


77 




78 


76.00 


17.55 


75.92 


17.88 


75.84 


18.21 


75.76 


18.54 


78 




79 


76.98 


17.77 


76.90 


18.11 


76.82 


18.44 


76.74 


18.78 


79 




80 


77.95 


18.00 


77.87 


18.34 


77.79 


18.68 


77.71 


19.01 


80 


81 


78.92 


18.22 


78.84 


18.67 


78.76 


18.91 


78.68 


19.25 


81 




82 


79.90 


18.45 


79.82 


18.79 


79.73 


19.14 


79.66 


19.49 


82 




83 


80.87 


18.67 


80.79 


19.02 


80.71 


19.38 


80.62 


19.73 


sn 




84 


81.85 


18.90 


81.76 


19.26 


81.68 


19.61 


81.69 


19.97 


84 




85 


82.82 


19.12 


82.74 


19.48 


82.66 


19.84 


82.66 


20.20 


86 




86 


83.80 


19.35 


83.71 


19.71 


83.62 


20.08 


83.64 


20.44 


86 




87 


84.77 


19.67 


84.68 


19.94 


84.60 


20.31 


84.51 


20.68 


87 




88 


.86.74 


19.80 


86.66 


20.17 


86.67 


20.64 


85.48 


20.92 


88 




89 


86.72 


20.02 


86.63 


20.40 


86.64 


20.78 


86.45 


21.15 


89 




90 


87.69 


20.26 


87.60 


20.63 


87.61 


21.01 


87.42 


21.39 


90 




91 


88.67 


20.47 


88.68 


20.86 


88.49 


21.24 


88.39 


21.63 


91 




92 


89.64 


20.70 


89.65 


L21.09 
*^21.32 


89.46 


21.48 


89.36 


21.87 


92 




93 


90.62 


20.92 


90.62 


90.43 


21.71 


90.33 


22.10 


93 




94 


91.59 


21.15 


91.60 


21.54 


91.40 


21.94 


91.31* 


22.34 


94 




96 


92.67 


21.37 


92.47 


21.77 


92.38 


22.18 


92.28 


22.68 


96 




96 


93.64 


21.60 


93.44 


22.00 


93.35 


22.41 


93.25 


22.82 


96 




97 


94.61 


21.82 


94.42 


22.23 


94.32 


22.64 


94.22 


23.06 


97 




98 


95.49 


22.05 


96.39 


22.46 


96.29 


22.88 1 


95.19 


23.29 


98 




99 


96.46 


22.27 


96.96 


22.69 


96.26 


23.11 1 


96.16 


23.53 


99 




100 


97.44 


22.60 


97.34 


22.92 


97.24 


23.34 


97.13 


23.77 


100 




8 
Q 


Dep. 


Lat. 


Dep* 


Lat. 


D^. Lat. 


Depi 


Lat. 


1 DUtance. 




77De9' 


76}: 


De$. 


WiDegr. 


76«Degr. 



21 



30 



TRAVERSE TABLE: 



1 Distance. 


14 Dflf . 


14iDi«, 


14iDeg» 


141 Dag. 


t 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


. 


1 


0.97 


0.24 


0.97 


0.25 


0.97 


0.26 


0.97 


0.25 


1 


ft 


1.94 


0.48 


1.94 


0.49 


1.94 


0.50 


1.93 


0.51 


2 


*3 


2.91 


0.73 


2.91 


0.74 


2.90 


0.75 


2.90 


0.76 


3 1 


4 


3.38 


0.97 


3.88 


0.98 


a. 87 


1.00' 


3.87 


1.02 


4 B 


6 


4.85 


1,21 


4.85 


1.23 


4.84 


1.25 


4.84 


1.27 


5 1 


6 


5.83 


1.45 


5.82 


1.48 


5.81 


1.50 


5.80 


1.53 


6 1 


7 


6.79 


1.69 


6.78 


1.72 


6.78 


1.75 


6.77 


1.78 


7 1 


8 


7.76 


1.94 


7.75 


1.97 


7.75 


2.00 


7.74 


2.04 


8 1 


9 


8.73 


2.18 


8.72 


^22 


8.71 


2.25 


8.70 


2.29 


9 


10 


9.70 


2.43 


9.68 


2.46 


9.68 


2.50 


9.67 


2.55 


10 


11 


10.67 


2.66 


10.66 


2.71 


10.66 


2.75 


10.64 


2.80 


11 


12 


11.64 


2.90 


11.63 


2.95 


11.62 


3.00 


11.60 


3.06 


12 


13 


12.61 


3.15 


12.60 


3.20 


12.59 


3.25 


12.57 


3.31 


13 


14 


13.58 


3.39 


13.57 


3.45 


ia.55 


3.51 


13.54 


3.56 


14 


15 


14.55 


3.63 


14.54 


3.69 


14.52 


3.76 


14.51 


3.82 


15 


16 


15.52 


a. 87 


15.51 


3.94 


15.49 


4.01 


15.47 


4.07 


16 


17 


16.50 


4.11 


16.48 


4.18 


16.46 


4.26 


16.44 


4.33 


17 


18 


17.47 


4.35 


17.45 


4.43 


17.43 


4.51 


17.41 


4.58 


18 


19 


18.44 


4.60 


18.42 


4.68 


18.39 


4.76 


48.37 


4.84 


19 


20 


19.41 


4.84 


19.38 


4.92 


19.36 


5.01 


19.34 


5.09 


20 


21 


20.38 


5.08 


20.35 


5.17 


20.33 


5.26 


20.31 


5.35 


21 


22 


21.35 


5.32 


21.32 


5.42 


21.30 


5.51 


21.28 


5.60 


22 


23 


22.3S 


5.56 


22.29 


5.66 


22.27 


6.76 


22.24 


5.86 


23 


24 


23.29 


5.81 


23.26 


5.91 


23.24 


6.01 


23.21 


6.11 


24 


25 


24.26 


6.05 


24.23 


6.15 


24.20 


6.26 


24.18 


6.37 


25 


26 


25.23 


6.29 


25.20 


6.40 


.25.17 


6.51 


25.14 


6.62 


26 


27 


26.20 


6.53 


26.17 


6.65 


26.14 


6.76 


26.11 


6.87 


27 


28 


27.17 


6.77 


27.14 


6.89 


27.11 


7.01 


27.08 


7.13 


28 


29 


28.14 


7.02 


28.11 


7.14. 


28.06 


7.26 


28.04 


7.38 


29 


30 


29.11 


7.26 


29.08 


7.38 


29.04 


7.51 


29.01 


7.64 


30 
31 


31 


30.08 


7.50 


30.05 


7.63 


30.01 


7.76 


29.98 


7.89 


32 


31.05 


7.74 


31.02 


7.88 


30.98 


8.01 


30.95 
31.91 


8.15 


32 


33 


32.02 


7.98 


31.98 


8.12 


31.95 


8.26 


8.40 


33 


34 


32.99 


8.23 


32.95 


8.37 


32.92 


8.51 


32.88 


8.66 


34 


35 


33.96 


8.47 


33.92 


8.62 


33.89 


8.76 


33.85 


8.91 


35 


36 


34.93 


8.71 


34.89 


8.86 


34.85 


9.01 


34.81 


9.17 


36 


37 


35.90 


0.9S 


35.86 


9.11 


35.82 


9.26 


35.78 


9.42 


37 


38 


36.87 


9.19 


36.83 


9.35 


36.79 


9.51 


36.75 


9.67. 


38 


39 


37.84 


9.44 


37.80 


9.60 


37.76 


9.76 


37.71 


9.93 


39 


40 


38.81 


9.68 


38.77 


9.85 


38.73 


10.02 


38.68 


10.18 


40 


41 


39.78 


9.92 


39.74 


10.09 


39.69 


10.27 


39.65 


10.44 


41 


42 


40.75 


10.16 


40.71 


10.34 


40.66J 
41 .63' 


10.52 


40.62 


10.69 


42 


43 


41.72 


10.40 


41.68 


10.58 


10.77 


41.58 


10.95 


43 


44 


42.69 


10.64 


42.65 


10.83 


42.60 


11.02 


42.55 


11.20 


44 


45 


43.66 


10.89 


43.62 


11.08 


43.57 


11.27 


43.52 


11.46 


45 


46 


44.63 


11.13 


44.58 


11.32 


44.53 


11.52 


44.48 


11.71 


46 


47 


45.60 


11.37 


45.55 


11.57 


45.50 


11.77 


45.45 


11.97 


47 


48 


46.57 


11.61 


46.52 


11.82 


46.47 


12.02 


46.42 


12.22 


48 


49 


47.54 


11.85 


47.49 


12.06 


47.44 


12.2T 


47.39 


12.48 


49 


50 


48.51 


12.10 


48.46 


12.31 


48.41 


12.52 


48.35 


12.73 


50 


i 


Dep. 


i Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


• 
• 

1 


















i 


781 


)6f. 


75J 


Deg. 

1 


75)3 


Def. 


76i] 


Degi. 


3 



TRAVERSE TABLE 



31 



o 

s. 
s 

• 

51 


14 D^. 


141 Def. 


14 Def. 


14iDeff. 


■ 
a 

8 

• 


Lat. 


Dep. 


Ut. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


49.49 


12.34 


49.43 


12.55 


49.38 


12.77 


49.32 


12.98 


61 


52 


50.46 


12.58 


50.40 


12.80 


60.34 


13.02 


60.29 


13.24 


62 


53 


51.43 


12.82 


61.37 


13.05 


61;31 


13.27 


61.25 


13.49 


63 


54 


52.40 


13.06 


62.34 


13.29 


62.28 


13.52 


62.22 


13.75 


64 


55 


63.37 


13.31 


63.31 


13.54 


63.25 


13.77 


63.19 


14.00 


65 


56 


54.34 


13.55 


64.28 


13.78 


64.22 


14.02 


64.15 


14:26 


66 


57 


65.31 


13.79 


65.25 


14.03 


65.18 


14.27 


65.12 


14.51 


67 


58 


66.28 


14.03 


66.22 


14.28 


66.15 


14.52 


66.09 


14.77 


68 


59 


57.25 


14.27 


57.18 


14.52 


67.12 


14.77 


67.06 


15.02 


59 


60 


68.22 


14.52 


68.15 


14.77 


68.09 


15.02 


68.021 


15.28 


60 
61 


61 


69.19 


14.76 


69.12 


15.02 


69.06 


15.27 


68.99. 


15.63 


62 


60.16 


15.00 


60.09 


15.26 


60.03 


15.62 


59.96 


16.79 


62 


63 


61.13 


15.24 


61.06 


15.61 


60.99 


15.77 


60.92 


16.04 


63 


64 


62.10 


15.48 


62.03 


15.75 


61.96 


16.02 


61.89 


16.29 


64 


65 


6i,07 


15.72 


63.00 


16.00 


62.93 


16.27 


62.86 


16.65 


65 


66 


64.04 


15.97 


63.97 


16.25 


63.90 


16.63 


63.83 


16.80 


66 


67 


65.01 


16.21 


64.94 


16.49 


64.87 


16.78 


64.79 


17.06 


67 


69 


65.98 


16.45 


65.91 


16.74 


65.83 


17.03 


65.76 


17.31 


68 


69 


66.95 


16.69 


66.88 


16.98 


66.80 


17.28 


66.73 


17.67 


69 


70 


67.92 


16.93 


67.85 17.23 


67.77 


17.53 


67.69 


17.82 


70 


71 


68.89 


17.18 


68.82 


17.48 


68.74 


17.78 


68.66 


18.08 


71 


72 


69.86 


17.42 


69.78 


17.72 


69.71 


18.03 


69.63 


18.33 


72 


73 


70.83 


17.66 


70.75 


17.97 


70.67 


18.28 


70.59 


18.69 


f3 


74 


71.80 


17.90 


71.72 


18.22 


71.64 


18.63 


71.56 


18.^ 


74 


75 


72.77 


18.14 


72.69 


18.46 


72.61 


18.78 


72.53 


19.10 


75 


76 


73.74 


18.39 


73.66 


18.71 


73.58 


19.03 


73.50 


19.35 


76 


77 


74.71 


18.63 


74,63 


18.95 


74.65 


19.28 


74.46 


19.60 


77 


78 


75.68 


18.87 


75.60 


19.20 


75.52 


19.63 


75.43 


19.86 


78 


79 


76.65 


19.11 


76.57 


19.45 


76.48 


19.78 


76.40 


90.11 


79 


80 


77.62 


19.35 


77.54 


19.69 


77.45 


20.03 


77.36 


20.37 


80 


81 


78.59 


19.60 


78.51 


19.94 


78.42 


20.28 


78.n3 


20.62 


81 


82 


79.56 


19.84 


79.48 


20.18 


79.39 


20.63 


79.30 


20.88 


82 


83 


ao.5S 


20.08 


80.45 


20.43 


80.36 


20.78 


80.26 


21.13 


83 


84 


81.60 


20.32 


81.42 


20.68 


81.32 


21.03 


81.23 


21.39 


84 


85 


82.48 


20.56 


82.38 


20.92 


82.29 


21.28 


82.20 


21.64 


85 


86 


83.45 


20.81 


83.35 


21.17 


83.26 


21.63 


83.17 


21.90 


86 


87 
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59 
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60 


61 


58.92 


15.79 


58.85 


16.04 
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59.82 
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62 


63 
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16.84 
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63 
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77 
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80 


77.27 
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82 
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79.98 
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83 


84 
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22.09 
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80.85 
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84 


85 
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81.91 
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97 


98 


94.66 


25.36 


94.56 


25.78 


94.44 


26.19 


94.32 


26.60 


98 


99 


95.63 


25.62 


95.51 


26.04 


95.40 


26.46 


95.28 


26.87 


99 


100 


96.59 


25.88 


96.48 


26.30 


96.36 


86.72 


96.25 


27.14 


100 


• 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 
















Q 


761 


)* 


T4I 


De^. 


741 


Dey. 


74}Deflr. 


l\ 



u 






Tl 


RAVEB 


LSE TA 


iOLtEt* 




* 




\ Diitai 


16 Deg. 


m Dag. 


16^Degr. 


16{ Deg . 


o 


S 

• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.96 


0.28 


0.96 


0.28 


0.96 


0.28 


0.96 


0.29 


1 


2 


1.92 


0.55 


' 1.92 


0.56 


1.92 


0.57 


1.92 


0.58 


2 


3 


2.88 


0.83 


2.88 


0.84 


2.88 


0.85 


2.87 


0.86 


3 


4 


3.85 


1.10 


3.84 


1.12 


3.84 


1.14 


3.83 


1.15 


4 


5 


4.81 


1.38 


4.80 


1.40 


4.79 


1.42 


4.79 


1.44 


5 


6 


5.77 


1.65 


5.76 


1.^8 


5.75 


1.70 


5.75 


1.73 


6 


7 


6.73 


. 1.93 


6.72 


1.96 


6.71 


1.99 


6.70 


2.02 


7 


8 


7.69 


2.21 


7.68 


2.24 


7.67 


2.27 


7.66 


2.31 


8 


9 


8.65 


2.48 


8.64 


2.52 


8.63 


2.56 


8.62 


2.59 


9 


10 


9.61 


2.76 


9.60 


2.80 


9.69 
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15 
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4.61 
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4.90 


17 
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5.51 
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6.05 
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22 
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6.06 
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21.09 


6.25 


21.07 
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23 
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6.44 


22.05 


6.53 
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6.62 


23.04 
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46 


47 


45.18 


12.95 


45.12 


13.15 


45.06 


13.35 


45.01 


13.55 


47 


48 


4e.l4 


13.23 


46.08 


13.43 


46.02 


13.63 


45.96 


13.83 


48 


49 


47.10 


13.51 


47.04 


13.71 


46.98 


13.92 


46.92 


14.12 


49 


60 


48.06 


13.78 


48.00 


13.99 


47.94 


14.20 


47.88 


14.41 


50 


• 

s 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 
• 

1 


















Q 


741 


)eg. 


73J 


D^. 


. T3J 


Dfg. 


734 


Deg. 


i 



TRAVERSE TABLE. 



35 



d 

r 

51 


.16 De^. 


16i Deg. 


16i Deg. 


16i De^. 


c 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 1 


Lat 


Dep. 


s 


49.02 


14.06 


48.96 


14.27 


48.90 


14.48 


48.84 


14.70 


61 


62 


49.99 


14.33 


49.92 


14.55 


49.86 


14.77 


49.79 


14.99 


62 


63 


50.95 


14.61 


50.88 


14.83 


50.82 


15.05 


50.75 


15.27 


63 


54 


51.91 


14.88 


51.84 


15.11 


51.78 


15.34 


51.71 


15.56 


64 


55 


52.87 


15.16 


52.80 


15.39 


52.74 


15.62 


52.67 


15.85 


65 


56 


53.83 


15.44 


53.76 


15.67 


53.69 


15.90 


53.62 


16.14 


66 


57 


54.79 


15.71 


54.72 


15.95 


54.65 


16.19 


64.58 


16.43 


67 


58 


55.75 


15.99 


55.68 


16.23 


55.61 


16.47 


65.54 


16.72 


58 


59 


56.71 


16.26 


56.64 


16.51 


66.57 


16.76 


66.50 


17.00 


69 


60 
61 


57.68 


16.54 


57.60 


16.79 


57.63 


17.04 


67.45 


17.29 


60 


58.64 


16.81 


58.56 


17.07 


68.49 


17.32 


68.41 


17.68 


61 


63 


59.60 


17.09 


59.52 


17.35 


69.45 


17.61 


69.37 


17.87 


62 


63 


60.56 


17.37 


60.48 


17.63 


60.41 


17.89 


60.33 


18.16 


63 


64 


61.52 


17.64 


61.44 


17.91 


61.36 


18.18 


61.28 


18.44 


64 


65 


62.48 


17.92 


62.40 


18.19 


62.32 


18.46 


62.24 


18.73. 


65 


66 


63.44 


18.19 


63.36 


18.47 


63.28 


18.74 


63.20 


19.02 


66 


67 


64.40 


18.47 


64.32 


18.75 


'64.24 


19.03 


64.16 


19.31 


67 


68 


65.37 


18.74 


65.28 


19.03 


65.20 


19.31 


66.11 


19.60 


68 


69 


66.33 


19.02 


66.24 


19.31 


66.16 


19.60 


66.07 


19.89 


69 


70 


67.29 


19.29 


67.20 


19.59 


67.12 


19.88 


67.03 


20.17 


70 


71 


68.25 


19.57 


68.16 


19.87 


68.08 


20.17 


67.99 


20.46 


71 


72 


6^.21 


19.85 


69.12 


20.15 


69.03 


20.45 


68.95 


20.76 


72 


73 


70.17 


20.12 


70.08 


20.43 


69.99 


20.73 


69.90 


21.04 


73 


74 


71.13 


20.40 


71.04 


20.71 


70.95 


21.02 


70.86 


21.33 


74 


75 


72.09 


20.67 


72.00 


20.99 


71.91 


21.30 


71.82 


21.61 


75 


76 


73.06 


20.95 


72.96 


21.27 


72.87 


21.59 


72.78 


21.90 


76 


77 


74.02 


21.22 


73.92 


21.55 


73.83 


21.87 


73.73 


22.19 


77 


78 


74.98 


21.50 


74.88 


21.83 


74.79 


22.16 


74.69 


22.48 


78 


79 


75.94 


21.78 


75.84 


22.11 


75.75 


22.44 


75.65 


22.77 


79 


80 


76.90 

« 


22.05 


76.80 


22.39 


76.71 


22.72 


76.61 


23.06 


80 


81 


77.86 


22.33 


77.76 


22.67 


77.66 


23.01 


77.56 


23.34 


81 


82 


78.82 


22.60 


78.72 


22.95 


78.62 


23.29 


78.62 


23.63 


82 


83 


79.78 


22.88 


79.68 


23.23 


79.58 


23.57 


79.48 


23.92 


83 


84 


80.75 


23.15 


80.64 


23.51 


80.64 


23.86 


80.44 


24.21 


84 


a5 


81.71 


23.43 


81.60 


23.79 


81.50 


24.14 


81.39 


24.60 


a5 


86 


82.67 


23.70 


82.56 


24.07 


82.46 


24.43 


82.35 


24.78 


86 


87 


83.63 


23.98 


83.52 


24.35 


83.42 


24.71 


83.31 


25.07 


87 


88 


84.59 


24.26 


84.48 


24.62 


84.38 


24.99 


84.27 


26.36 


86 


89 


85.55 


24.53 


85.44 


24.90 


85.33 


25.28 


85.23 


26.66 


89 


90 


86.51 


24.81 


86.40 


25.18 


86.29 


25.66 


86.18 


25.94 


90 


91 


87.47 


25.08 


87.36 


25.46 


87.25 


26.85 


87.14 


26.2S 


91 


92 


88.44 


25.36 


88.32 


25.74 


88.21 


26.13 


88.10 


26.51 


92 


93 


89.40 


25.63 


89.28 


26.02 


89.17 


26.41 


89.05 


26.80 


93 


94 


90.36 


25.91 


90.24 


26.30 


90.13 


26.70 


. 90.01 
#0.97 


27.09 


94 


95 


91.32 


26.19 


91*. 20 


26.58 


91.09 


26.98 


27.38 


95 


96 


92.28 


26.46 


92.16 


2a. 86 
27.14 


92.05 


27.27 


91.93 


27.67 


96 


97 


93.24 


26.74 


93.12 


93.01 


27.55 


92.88 


27.95 


97 


98 


94.20 


27.01 


94.08 


27.42 


93.96 


27.83 


93.84 


28.24 


98 


99 


95.16 


27.29 


95.04 


27.70 


9^.92 


28.12 


94.80 


28.53 


99 


1 1 ^ 

1 Distance, g 


96.13 


27.56 


96.00 


27.98 


95.88 


28.40 


95.76 


28.82 


100 


Dep. 


T.at. 


Dep. 


Lat. 


Dep. Lat. 


Dep. Lat 


• 


74 Def . 


73} 


De;. 


731 D«ff. 


73) Deg. 



)6 



TRAVERSE TABLE. 



1 Distance. 


. 17 Deg. 


in Deg. 


17} De;. 


nj Beg. 


1 

8 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.96 


0.29 


0.95 


0.30 


0.93 


0.30 


0.95 


0.30 


1 


2 


1.91 1 


0.58 


1.91 


0.69 


1.91 


0.60 


1.90 


0.61 


2 


3 


2.87 


0.88 


2.87 


0.89 


2.86 


0.90 


2.86 


0.91 


3 


4 


3.83 


1.17 


. 3.82 


1.19 


3.81 


1.20 


3.81 


1.22 


4 


5 


4.78 


1.46 


4.78 


1.48 


4.77 


1.50 


4.76 


1.52 


6 


6 


S.74 


1.75 


6.73 


1.78 


6.72 


1.80 


5.71 


1.83 


6 


7 


6.69 


2.05 


6.69 


2.08 


6.68 


2.10 


6.67 


2.13 


7 


8 


7.65 


2.34 


7.64 


2.37 


7.63 
8.58 


2.41 


■ 7.62 


2.44 


8 


9 


8.61 


2.63 


8.60 


2.67 


2.71 


8.57 


2.74 


9 


10 
11 


9.56 


2.92 


9.56 


2.97 


9.54 


3.01 


9.62 


3.05 


10 


10.52 


3.22 


10.51 


3.26 i 


10.49 


3.31 


10.48 


3.35 


11 


12 


11.48 


3.51 


11.46 


3.56 


11.44 


3.61 


11.43 


3.66 


12 


13 


12.43 


3.80 


12.42 


3.85 


12.40 


3.91 


12.38 


3.96 


13 


14 


13.39 


4.09 


13.37 


4.15 


13.35 


4.21 


13.33 


4.27 


14 


16 


14.34 


4.39 


14.33 


4.45 


14.31 


4.51 


14.29 


4.57 


15 


16 


15.30 


4.68 


15.28 


4.74 J 


15.26 


4.81 


15.24 


4.88 


16 


17 


16.26 


4.97 


16.24 


6.041 


16.21 


5.11 


16.19 


6.18 


17 


18 


17.21 


5.26 


17.19 


6.34 


17.17 


6.41 


r.i4 


6.49 


18 


19 


18.17 


5.56 


18.15 


6.63 


18.12 


5.71 


18.10 


6.79 


19 


20 


19.13 


5.85 


19.10 


6.93 

i 


19.07 


6.01 


19.05 


6.10 


20 


21 


20.08 


6.14 


20.06 


6.23 


20.03 


6.31 


20.00 


6.40 


21 


22 


21.04 


6.43 


21.01 


6.5? 


20.98 


6.62 


20.95 


6.71 


22 


23 


21.99 


6.72 


21.97 


6.82 


21.94 


6.92 


21.91 


7.01 


23 


24 


22.95 


7.02 


22.92 


7.12 


22.89 


7.22 


96.86 


7.32 


24 


25 


23.91 


7.31 


23.88 


7.41 


23.84 


7.52 


23.81 


7.62 


25 


26 


24.86 


7.60 


24.83 


7.71 


24.80 


7.82 


24.76 


7.93 


26 


27 


25.82 


7:89 


25.79 


8.01 


25.75 


8.12 


25.71 


8.23 


27 


28 


26.78 


8.19 


26.74 


8.30 


26.70 


8.42 


26.67 


8.54 


28 


29 


27.73 


8.48 


27.70 


8.60 


27.66 


8.72 


27.62 


8.84 


29 


30 


28.69 


8.77 


28.65 


8.90 


28.61 


9.02 


28.57 


9.15 


30 


31 


29.65 


9.06 


29.61 


9.19 


29.57 


9.32 


29.52 


9.45 


31 


32 


30.60 


9.36 


30.56 


9.49 


30.52 


9.62 


30.48 


9.76 


32 


33 


31.56 


9.65 


31.52 


9.79 


31.47 


9.92 


31.43 


10.06 


33 


34 


32.51 


9.94 


32.47 


10.08 1 


32.43 


10.22 


32.38 


10.37 


34 


35 


33.47 


10.23 


33.43 


10.38 


33.38 


10.52 


33.33 


10.67 


35 


36 


34.43 


10.53 


34.38 


10.68 


34.33 


10.83 


34.29 


10.98 


36 


37 


35.38 


10.82 


35.34 


10.97 


as. 29 


11.13 


35.24 


11.28 


37 


38 


36.34 


11.11 


36.29 


11.27 


36.24 


11.43 


36.19 


11.58 


38 


39 


37.30 


11.40 


37.25 


11.57 


37.19 


11.73 


37.14 


11.89 


39 


40 


38.25 


11.69 


38.20 


11.86 


38.15 


12.03 


38.10 


12.19 


40 


41 


39.21 


11.99 


39.16 


12. 16 


39.10 


12.33 


39.05 


12.50 


41 


42 


40.16 


12.28 


40.11 


12.45 


40.06 


12.63 


40.00 


12.80 


42 


43 


41.12 


12.67 


41.07 


12.75 


41.01 


12.93 


40.95 


13.11 


43 


44 


42.08 


12.^6 


42.02 


13.05 


41.96 


13.23 


41.91 


13.41 


44 


45 


43.03 


13.16 


42.98 


13.34 


42.92 


13.53 


42.86 


13.72 


45 


46 


43.99 
44.^ 


13.45 


43.93 


13.64 


43. a7 


13.83 


43.81 


14.02 


46 


47 


13.74 


44.89 


13.94 


44.82 


14.13 


44.76 


14.33 


47 


48 


45.90 


14.03 


45.84 


14.23 


45.78 


14.43 


45.71 


14.63 


48 


49 


46.86 


14.33 


46.80 


14.53 


46.73 


14.73 


46.67 


14.94 


49 


50 


47.82 


14.62 


47.75 


14.83 


47.69 


15.04 


47.62 


15.24 


50 


1 Distance. 


Dep. 


Lat, 


Dep. 


Lat. 1 


Dep. 


Lat. 


Dttp. 1 


Lat. 


a 


731 


>*ff. 


721 


D^. 1 


72*: 


Oeg. 


7211 


Deg:. 
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1 

S 

• 










• 


• 17 De^. 


mDey. 


mveg. 


171 Deg. 


Ut. 


Dep. 


Lat. 


Dep. 


Lat. Dep. 


Lat. 


Dep. 


61 


48.77 


14.91 


48.71 


15.12 


48.64 


15.34 


48.57 


15.65 


61 


52 


49.73 


15.20 


49.66 


16.42 


49.59 


16.64 


49.52 


15.86 


52 


63 


50.68 


15.50 


50.62 


15.72 


60.56 


16.94 


50.48 


16.16 


63 


54 


51.64 


15.79 


51 .57 


16.01 


51.50 


16.24 


51.43 


16.46 


64 


55 


52.60 


16.08 


52.53 


16.31 


62.45 


16.54 


52.38 


16.77 


66 


56 


53.55 


16.37 


63.48 


16.61 


53.41 


16.84 


63.33 


17.07 


56 


57 


54.51 


16.67 


54.44 


16.90 


54.36 


17.14 


64.29 


17.38 


67 


58 


55.47 


16.96 


55.39 


17.20 


55.32 


17.44 


55.24 


17.68 


68 


59 


56.42 


17.25 


66.35 


17.50 


66.27 


17.74 


56.19 


17.99 


69 


60 


57.38 


17.54 


67.30 


17.79 


57.22 


18.04 


57.14 


18.29 


60 
61 


61 


58.33 


17.83 


58.36 


18.09 


58.18 


18.34 


58.10 


18.60 


62 


59.29 


18.13 


59.21 


18.39 


59.13 


18.64 


59.05 


18.90 


62 


63 


60.25 


18.42 


60.17 


18.68 


60.08 


18.94 


60.00 


19.21 


63 


64 


61.20 


18.71 


61.12 


18.98 


61.04 


19.25 


60.95 


19.51 


64 


65 


62.16 


19.00 


62.08 


19.28 


61.99 


19.55 


61.91 


19.82 


65 


66 


63.12 


19.30 


63.03 


19.57 


62.95 


19.85 


62.86 


20.12 


66 


67 


64.07 


19.59 


63.99 


19.87 


63.90 


20.15 


63.81 


20.43 


67 


68 


65.03 


19.88 


64.94 


20.16 


64.85 


20.45 


64.76 


20.73 


68 


69 


65.99 


20.17 


65.90 


20.46 


65.81 


20.75 


65.72 


21.04 


69 


70 


66.94 


20.47 


66.85 


20.76 


66.76 


21.05 


66.67 


21.34 


70 


71 


67.90 


20.76 


67.81 


21.05 


67.71 


21.35 


67.62 


21.66 


71 


72 


68.85 


21.05 


68.76 


21.35 


68.67 


21.65 


68.57 


21.95 


72 


73 


69.81 


21.34 


69.72 


21.65 


69.62 


21.96, 


69.52 


22.26 


73 


74 


70.77 


21.64 


70-67 


21.94 


70.58 


22.25 


70.48 


22.56 


74 


75 


71.72 


21.93 


71.63 


22.24 


71.38 


22.55 


71.43 


22.86 


75 


76 


72.68 


22.22 


72.58 


22.54 


72.48 


22.85 


72.38 


23.17 


76 


77 


73.64 


22.51 


73.54 


22.83 


73.44 


23.15 


73.33 


23.47 


77 


78 


74.59 


22.80 


74.49 


23.13 


74.39 


23.46 


74.29 


23.78 


78 


79 


75.55 


23.10 


76.45 


23.43 


75.34 


23.76 


75.24 


24.08 


79 


80 


76.50 


23.39 


76.40 


23.72 

• 


76.30 


24.06 


76.19 


24.38 


80 


81 


77.46 


23.68 


77.36 


24.02 


77.26 


24.36 


77.14 


24.69 


81 


82 


78.42 


23.97 


73.31 


24.32 


78.20 


24.66 


78.10 


25.00 


82 


83 


79.37 


24.27 


79.27 


24.61 


79.16 


2^.96 


79.05 


25.30 


83 


84 


80.33 


24.56 


80.22 


24.91 


80.11 


2^.26 


80.00 


25.61 


84 


85 


81.29 


24.85 


81.18 


25.21 


81.07 


25.56 


80.95 


25.91 


85 


86 


82.24 


25.14 


82.13 


25.60 


82.02 


25.86 


81.91 


26.22 


86 


87 


83.20 


25.44 


83.09 


25.80 


82.97 


26-16 


82.86 


26.52 


87 


88 


84.15 


25.73 


84.04 


26.10 


83.93 


26.46 


83.81 


26.83 


88 


89 


85.11 


26.02 


85.00 


26.39 


84.88 


26.76 


84.76 


27.13 


89 


90 


86.07 


26.31 


85.95 


26.69 


85.83 


27.06 


85.72 


27.44 


90 

L- 


91 


87.02 


26.61 


86.91 


26.99 


86.79 


27.36 


86.67 


27.74 


91 


92 


87.98 


26.90 


87.86 


27.28 


87.74 


27.66 


87.62 


28.05 


92 


93 


88.94 


27.19 


88.82 


27.58 


88.70 


27.97 


88.57 


28.35 


93 


94 


89.89 


27.48 


89.77 


27.87 


89.65 


28.27 


89^63 
90.48 


28.66 


94 


95 


90.85 


27.78 


90.73 


28.17 


90.60 


28.57 


28.96 


96 


96 


91.81 


28.07 


91.68 


28.47 


91.66 


28.87 


91.43 


29.27 


96 


97 


92.76 


28.36 


92.64 


28.76 


92.51 


29.17 


92.38 


29.57 


97 


98 


98.72 


28.65 


93.59 


29.06 


93.46 


29.47 


93.33 


29.88 


98 


99 


94.67 


28.94 


94.55 


29.36 


94.42 


29.77 


94.29 


30.18 


99 


100 


95.63 


29.24 


95.50 


29.66 


96.37 


30.07 


95.24 


30.49 


100 


1 Distance. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

i 


73 De*. 


72iD6g:. 


72i Deg. 


72iDeg. 
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TRAVERSE -TABLE. 



1 

• 


18 . 


Deg. 


18i D^. 


18i Deg. 


ISJDeg. 


f 

s 

• 




Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




1 


0.95 


0.31 


0.95 


0.31 


0.95 


0.32 


0.95 


0.32 


1 




2 


1.90 


0.62 


1.90 


0.63 


1.90 


0.63 


1.89 


0.64 


2 




3 


2.85 


0.93 


2.85 


0.94 


2.84 


0.95 


2.84 


0.96 


3 




4 


3.80 


1.24 


3.80 


1.25 


3.79 


1.27 


3.79 


1.29 


4 




5 


4.76 


1.55 


4.75 


1.57 


4.74 


1.59 


4.73 


1.61 


5 




6 


5.71 


1.85 


5.70 


1.88 


5.69 


1.90 


5.68 


1.93 


6 




7 


6.66 


2.16 


6.65 


2.19 


6.64 


2.22 


6.63 


2..25 


7 




8 


7.61 


2.47 


7.60 


2.51 


7.59 


2.54 


7.68 


2.67 


8 




9 


8.56 


2.78 


8.55 


2.82 


8.53 


2.86 
3.17 


8.52 


2.89 


9 




10 


9*51 


3.09 


9.50 


3,. 13 


9.48 


9.47 


3.21 


10 




11 


10.46 


3.40 


10.45 


3.44 


10.43 


3.49 


10.42 


3.54 


11 




12 


11.41 


3.71 


11.40 


3.76 


11.38 


3.81 


11.36 


3.86 


12 




13 


12.36 


4.02 


12.35 


4.07 


12.33 


4.12 


12.31 


4.18 


13 




14 


13.31 


4.33 


13.30 


4.38 


13.28 


4.44 


13.26 


4.50 


14 




16 


14.27 


4.64 


14.25 


4.70 


14.22 


4.76 


14.20 


4.82 


15 




16 


15.22 


4.94 


15.20 


5.01 


15.17 


5.08 


15.15 


6.14 


16 




17 


16.17 


5.25 


16.14 


5.32 


16.12 


5.39 


16.10 


5.46 


17 




18 


17.12 


5.56 


17.09 


5.64 


17.07 


5.71 


17.04 


5.79 


18 




19 


18.07 


5.87 


18.04 


5.95 


18.02 


6.03 


17.99 


6.11 


19 




20 
21 


19.02 


6.18 


18.99 


6.26 


18.97 


6.35 


18.94 


6.43 


20 




19.97 


6.49 


19.94 


6.58 


19.91 


6.66 


19.89 


6.75 


21 




22 


20.92 


6.80 


20.89 


6.89 


20.86 


6.98 


20.83 


7.07 


22 




23 


21.87 


7.11 


21.84 


7.20 


21.81 


7.30 


21.78 


7.39 


23 




24 


22.83 


7.42 


22.79 


7.52 


22.76 


7.62 


22.73 


7.71 


24 




25 


23.78 


7.73 


23.74 


7.83 


23.71 


7.93 


23.67 


8.04 


25 




26 


24.73 


8.03 


24.69 


8.14 


24.66 


8.25 


24.62 


8.36 


26 




27 


25.68 


8.34 


25.64 


8.46 


25.60 


8.57 


25.57 


8.68 


27 




28 


26.63 


8.65 


26.59 


8.77 


26.55 


8.88 


26.51 


9.00 


28 




29 


27.58 


8.96 


27.54 


9.08 


27.50 


9.20 


27.46 


9.32 


29 




30 


28.53 


9.27 


28.49 


9.39 


28.45 

• 


9.52 


28.41 


9.64 


30 
31 




31 


29.48 


9.58 


29.44 


9.71 


29.40 


9.84 


29.35 


9.96 




32 


30.43 


9.89 


30.39 


10.02 


30.35 


16.15 


30.30 


10.29 


32 




,*« 


31.38 


10.20 


31.34 


10.33 


31.29 


10.47 


31.25 


10.61 


33 




34 


32.34 


10.51 


32.29 


10.65 


32.24 


10.79 


32.20 


10.93 


34 




»> 


33.29 


10.82 


33.24 


10.96 


33.19 


11.11 


33.14 


11.25 


35 




36 


34.24 


11.12 


34.19 


11.27 


34.14 


11.42 


34.09 


11.57 


36 




37 


35.19 


11.43 


35.14 


11.59 


35.09 


11.74 


35.04 


11.89 


37 




38 


36.14 


11.74 


36.09 


11.90 


36.04 


12.06 


35.98 


12.21 


38 




39 


37.09 


12.05 


37.04 


12.21 


36.98 


12.37 


3iS.93 


12.64 


39 




40 


38.04 


12.36 


37.99 


12.53 


37.93 


12.69 


37.08 


12.86 


40 




41 


38.99 


12.67 


38.94 


12.84 


38.88 


13.01 


38.82 


13.18 


41 




42 


39.94 


12.98 


39.89 


13.15 


39.83 


13.33 


39.77 


13.60 


42 




43 


40.90 


13.29 


40.84 


13.47 


40.78 


13.64 


40.72 


13.82 


43 




44 


41.85 


13.60 


41.79 


13.78 


41.73 


13.96 


41.66 


14.14 


44 




45 


42.80 


13.91 


42.74 


14.09 


42.67 


14.28 


42.61 


14.46 


45 




46 


43.75 


14.21 


43.69 


14.41 


43.62 


14.60 


43.56 


14.79 


46 




47 


44.70 


14.52 


44.64 


14.72 


44.67 


14.91 


44.51 


15.11 


47 




48 


45.65 


14.83 


45.59 


15.03 


45.52 


15.23 


45.45 


15.43 


48 




49 


46.60 


15.14 


46.54 


15.35 


46.47 


15.55 


46.40 


15.75 


49 




50 


47.55 


15.45 


47.48 


15.66 


47.42 


16.87 


47.35 


16.07 


50 




1 

1 Distance. 


Dep. 


Lat. 


D^. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


1 




72 1 


5eg. 


71} ; 


D^. 


7U] 


Otg. 


7li] 


Deg. 





TRAVERSE TABLE. 



39 




51 
52 
53 
54 
55 
56 
67 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



18D«g. 



Lftt. 



48.50 
49.45 
50.41 
51.36 
52.31 
53.26 
54.21 
55.16 
56.11 
57.06 



58.01 
58.97 
59.92 
60.87 
61.82 
62.77 
63.72 
64.67 
65.62 
66.57 



67.53 
68.48 
69.43 
70.38 
71.33 
72.28 
73.23 
74.18 
75.13 
76.08 



77.04 
77.99 
78.94 
79.89 
80.84 
81.79 
82.74 
83.69 
84.64 
85.60 



Dep. 



15.76 
16.07 
16.38 
16.69 
17.00 
17.30 
17.61 
17.92 
18.23 
18.54 



18.85 
19.16 
19.47 
19.78 
20.09 
20.40 
20.70 
21.01 
21.32 
21.63 



21.94 
22.25 
22.56 
22.87 
23.18 
23.49 
23.79 
24.10 
24.41 
24.72 



86.55 
87.50 
88.45 
89.40 
90.35 
91.30 
92.25 
93.20 
94.15 
95.11 

Dep. 



25.03 
25.34 
25.65 
25.96 
26.27 
26.58 
26.88 
27.19 
27.50 
27.81 



28.12 
28.43 
28.74 
29.05 
29.36 
29.67 
29.97 
30.28 
30.59 
30.90 

Lat 



laiDegr. 



mDeg. 



Lat. 



48.43 
49.38 
50.33 
51.28 
52.23 
53.18 
54.13 
55.08 
56.03 
56.98 



57.93 
58.88 
59.83 
60.78 
61.73 
62.68 
63.63 
64.58 
65.53 
66.48 



67.43 
68.38 
69.33 
70.28 
71.23 
72.18 
73.13 
74.08 
75.03 
75.98 



76.93 
77.88 
78.83 
79.77 
80.72 
81.67 
82.62 
83.57 
84.52 
85.47 



Dep. 



15.97 
16.28 
16.60 
16.91 
17.22 
17.54 
17.85 
18.16 
18.48 
18.79 



19.10 
19.42 
19.73 
20.04 
20.36 
20.67 
20.98 
21.30 
21.61 
21.92 



22.23 
22.55 
22.86 
23.17 
23.49 
23.80 
24.11 
24.43 
24.74 
25.05 



72DiB|:. 



86.42 
87.37 
88.32 
89.27 
90.22 
91.17 
92.12 
93.07 
94.02 
94.97 

Dep. 



25.37 
25.68 
25.99 
26.31 
26.62 
26.93 
27.25 
27.56 
27.87 
28.18 



28.50 
28.81 
29.12 
29.44 
29.75 
30.06 
30.38 
30.69 
31.00 
31.32 

Lat. 



71} Deg . 



Lat. 



48.36 
49.31 
50.26 
51.21 
52.16 
53.11 
54.05 
55.00 
55.95 
56.90 



57.85 
58.80 
59.74 
60.69 
61.64 
62.59 
63.54 
64.49 
65.43 
66.38 



k 



67.33 
68.28 
69.23 
70.18 
71.12 
72.07 
73.02 
73.97 
74.92 
75.87 



76.81 
77.76 
78.71 
79.66 
80.61 
81.56 
82.50 
83.45 
84.40 
85.35 



86.30 
87.26 
88.19 
89.14 
90.09 
91.04 
91.99 
92.94 
93.88 
94.83 

Dep. 



Dep. 



ISiDeg. 



Lat. 



16.18 
16.50 
16.82 
17.13 
17.45 
17.77 
18.09 
18.40 
18.72 
19.04 



48.29 
49.24 
50.19 
51.13 
52.08 
53.03 
53.98 
54.92 
55.87 
56.82 



19.36 
19.67 
19.99 
20.31 
20.62 
20.94 
21.26 
21.58 
21.89 
22.21 



22.53 
22.85 
23.16 
23.48 
23.80 
24.12 
24.43 
24.75 
25.07 
25.38 



57.76 
58.71 
59.66 
60.60 
61.55 
62.50 
63.44 
64.39 
65.34 
66.29 



25.70 
26.02 
26.34 
26.65 
28.97 
27.29 
27.61 
27.92 
28.24 
28.56 



67.23 
68.18 
69.13 
70.07 
71.02 
71.97 
72.91 
73.86 
74.81 
75.75 



28.87 
29.19 
29.51 
29.83 
30.14 
30.46 
30.78 
31.10 
31.41 
31.73 

Lat. 



76.70 
77.65 
78.60 
79.54 
80.49 
81.44 
82.38 
83.33 
84.28 
85.22 



Dep. 



16.38 
16.71 
17.04 
17.36 
17.68 
18.00 
18.32 
18.64 
18.96 
19.29 



19.61 
19.93 
20.25 
20.57 
20.89 
21.22 
21.54 
21.86 
22.18 
22.50 



22.82 
23.14 
23.47 
23.79 
24.11 
24.43 
24.75 
25.07 
25.39 
25.72 



71iDe|r. 



86.17 
87.12 
88.06 
89.01 
89.96 
90.91 
91.85 
92.80 
93.75 
94.69 



26.04 
26.36 
26.68 
27.00 
27.32 
27.64 
27.97 
28.29 
28.61 
28.93 



29.25 
29.57 
29.89 
30.22 
30.54 
30.86 
31.18 
31.50 
31.82 
32.14 



Dep. I Lat. 
TlJDeg. 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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TRAV^SE TABLE. 



g 

s 

* • 

1 


19Degr. 


19i'D^. 


ISiDflf. 


19} Deg. 


1 Diftanoe. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


0.95 


0.33 


0.94 


0.33 


0.94 


0.33 


0.94 


0.34 


1 


2 


1.89 


0.65 


1.89 


0.66 


1.89 


0.67 


1.88 


0.68 


2 


3 


2.84 


0.98 


2.83 


0.99 


2.83 


1.00 


2.82 


1.01 


3 


4 


3.78 


1.30 


3.78 


1.32 


3.77 


1.34 


3.76 


1.35 


4 


5 


4.73 


1.63 


4.72 


1.65 


4.71 


1.67 


4.71 


1.69 


6 


6 


6.67 


1.95 


6.66 


1.98 


6.66 


2.00 


6.65 


2.03 


6 


, 7 


6.62 


2.28 


6.61 


2.31 


6.60 


2.34 


0.69 


2.87 


. 7 


8 


7.56 


2.60 


7.55 


2.64 


7.64 


2.67 


7.53 


2.70 


8 


9 


8.51 


2.93 


8.50 


2.97 


8.48 


3.00 


8.47 


3.04 


9 


10 
11 


9.46 


3.26 


9.44 


3.30 


9.43 


3.34 


9.41 


3.38 


10 


10.40 


3.58 


10.38 


3.63 


10-37 


3.67 


10.35 


3.72 


11 


12 


11.35 


3.91 


11.33 


3.96 


11.31 


4.01 


11.29 


4.06 


12 


13 


12.29 


4.23 


12.27 


4.29 


12.25 


4.34 


12.24 


4.38 


13 


14 


13.24 


4.56 


13.22 


4.62 


13.20 


4.67 


13.18 


4.73 


14 


15 


14.18 


4.88 


14.16 


4.95 


14.14 


6.01 


14.12 


6.07 


16 


16 


15.13 


5.21 


15.11 


5.28 


15.08 


5.34 


16.06 


6.41 


16 


17 


16.07 


5.53 


16.05 


5.60 


16.02 


5.67 


16.00 


6.74 


17 


18 


17.02 


5.86 


16.99 


5.93 


16.97 


6.01 


16.94 


6.08 


18 


19 


17.96 


6.19 


17.94 


6.26 


17.91 


6.34 


17.88 


6.42 


19 


20 


18.91 


6.51 


18.88 


6.59 


18.85 


6.68 


18.82 


6.76 


20 


21 


19.86 


6.84 


19.83 


6.92 


19.80 


7.01 


19.76 


7.10 


21 


22 


20.80 


7.16 


20.77 


7.25 


20.74 


7.34 


20.71 


7.43 


22 


23 


21.75 


7.49 


21.71 


7.58 


21.68 


7.68 


21.66 


7.77 


23 


24 


22.69 


7.81 


22.66 


7.91 


22.62 


8.01 


22.69 


8.11 


24 


25 


23.64 


8.14 


23.60 


8.24 


28.57 


8.35 


23.53 


8.45 


25 


26 


24.58 


8.46 


24.55 


8.57 


24.51 


8.68 


24.47 


8.79 


26 


27 


25.53 


0.79 


25.49 


8.90 


25.45 


9.01 


25.41 


9.12 


27 


28 


26.47 


9.12 


26.43 


9.23 


26.39 


9.35 


26.35 


9.46 


28 


29 


27.42 


9.44 


27.38 


9.56 


27.34 


9.68 


27.29 


9.80 


29 


30 


28.37 


9.77 


28.32 


9.89 


28.28 


10.01 


28.24 


10.14 


30 


31 


29.31 


10.09 


29.27 


10.22 


29.22 


10.35 


29.18 


10.48 


31 


32 


30.26 


10.42 


30.21 


10.65 


30.16 


10.68 


30.12 


10.81 


32 


r« 


31.20 


10.74 


31.15 


10.88 


31.11 


11.02 


31.06 


11.15 


33 


34 


32.15 


11.07 


32.10 


11.21 


32.05 


11.36 


32.00 


11.49 


34 


35 


33.09 


11.39 


33.04 


11.54 


32.99 


11.68 


32.94 


11.83 


35 


36 


34.04 


11.72 


33.99 


11.87 


33.94 


12.02 


33.88 


12.17 


36 


37 


34.98 


12.05 


34.93 


12.20 


34.88 


12.35 


34.82 


12.60 


37 


38 


35.93 


12.37 


35.88 


12.63 


35.82 


12.68 


35.76 


12.84 


38 


39 


36.88 


12.70 


36.82 


12.86 


36.76 


13.02 


36.71 


13.18 


39 


40 


37.82 


13.02 


37.76 


13.19 


37.71 


13.35 


37.65 


13.62 


40 


41 


38.77 


13.36 


38.71 


13.52 


38.65 


13.69 


38.69 


13.85 


41 


42 


39.71 


13.67 


39.65 


13.85 


39.59 


14.02 


39.63 


14.19 


42 


43 


40.66 


14.00 


4«.60 


14.18 


40.63 


14.35 


40.47 


14.53 


43 


44 


41.60 


14.32 


41.54 


14.51 


41.48 


14.69 


41.41 


14.87 


44 


45 


42.55 


14.65 


42.48 


14.84 


42.42 


15.02 


42.35 


16.21 


46 


46 


43 49 


14.98 


43.43 


15.17 


43.36 


16.36 


43.29 


15.54 


46 


47 44.44 1 


15.30 


44.37 


15.50 


44.30 


15.69 


44.24 


16.88 


47 


48 


45.38 


15.63 J 


45.32 


16.83 


45.25 


16.02 


46.18 


16.22 


48 


49 


46.33 


15.95 


46.26 


16.16 


46.19 


16.36 


46.12 


16.56 


49 


50 


47.28 


16.28 


47.20 


16.48 


47.13 


16.69 


47.06 


16.90 


50 


• 

s 

d 

.s 


Dep. 


Lat 


Dep. 1 Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 


711 


>egr. 


70f D^. 


70i] 


Def.* 

I 


70}] 


Deg. 


p 
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1 

s 

• 

61 


19 Deg^. 


194Degr, 


1 

19iDe;. 


19} Btg. 


1 


h9L 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


48.22 


16.60 


48.15 


16. 8f 


48.07 


17.02 


48.00 


17.23 


51 


52 


49.17 


16.93 


49.09 


17.14 


49.02 


17.36 


48.94 


17.67 


52 


63 


50.11 


17.26 


50.04 


17.47 


49.96 


17.69 


49.88 


17.91 


53 


64 


5U06 


17.58 


60.98 


17.80 


60.90 


18.03 


50.82 


18.25 


64 


65 


52.t)0 


17.91 


51.92 


18.13 


51.85 


18.36 


51.76 


18.5b 


55 


5« 


52,95 


18.23 


52.87 


18.46 


52.70 


18.69 


52.71 


18.92 ; 56 II 


67 


53*89 


18.B6 


53.81 


18.79 


53.73 


19.03 


53.65 


19.26 


57 


68 


54.84 


18.88 


54.76 ■ 


19.12 


54.67 


19.36 


54.59 


19.60 


58 


59 


55.70 


19.21 


55.70 


19.45 


55.62 


19.69 


55.53 


19.94 


59 


eo 

61 


56.73 


19.53 


56.65 


19.78 


66.66 


20.03 


56.47 


20.27 


60 


57.68 


19.86 


57.59 


90.11 


57.60 


20.36 


57.41 


20.61 


61 


62 


58.62 


20.19 


58.53 


20.44 


58.44 


20.70 


58.35 


20.05 


62 


63 


59.57 


20.51 


59.48 


20.77 


59.39 


21.03 


59.29 


21.29 


63 


64 


60.51 


20.84 


60.42 


21.10 


60.33 
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60.24 


21.63 


64 


66 


61.46 


21.16 


61.37 


21.43 


61.27 
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61.18 
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65 


66 


62.40 


21.49 
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66 


67 
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67 


68 
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68 


69 
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69 
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66.93 
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67.87 
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73 
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68.81 
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73 


74 
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74 
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75 


76 
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76 


77 
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72.69 
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77 


78 


73.75 
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76 


79 
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74.47 
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79 
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81 


76.64 
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80 
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76.47 
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81 


82 
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82 


8S 
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27.02 
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78.24 
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TA 


84 
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27.69 


79.18 
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84 


H5 
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85 


86 
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28.35 
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86 


87 
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28.32 


82.14 


28.68 


82.01 
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87 


88 
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83.08 
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88 


89 
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29.34 
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89 


90 
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84.84 
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90 


91 
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30.00 
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91 


92 
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86.72 
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92 


93 
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88.74 


30.99 


88.61 


31.38 


88.47 


31.76 


94 


95 


89.82 


30.93 
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95 
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90.36 
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96 
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97 
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92.66 


31.91 
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98 
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99 
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3.75 
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1.73 
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2.77 
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3.50 
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13 
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4.45 
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13 


14 
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4.79 
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4.96 


14 
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15 
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16 
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23 


24 
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24 
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26 
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26 
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9.35 
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27 


28 
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26.27 


9.69 
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28 


29 
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27.12 
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29 


30 
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30 


31 
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31 


32 
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29.97 
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11.34 


32 


33 
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11.29 
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30.86 


11.69 
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34 
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31.90 


11.77 
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12.05 


34 


35 
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32.84 
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12.26 
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35 


36 
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12.31 
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12.46 
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12.61 


33.66 
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36 


37 
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34.66 
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37 


38 


35.71 
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13.82 
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37.41 


14.17 


40 


41 


38.53 
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40.28 
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16.07 
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47 
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16.61 
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51 


52 
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18.00 


48.71 
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18.42 


52 


53 


49.80 


18.13 


49.72 


18.34 


49.64 


18.56 
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18.78 
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54 
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18.47 


50.66 


18.69 


50.58 
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5^ 


55 
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18.81 
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19.04 
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19.26 


51.43 
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5£ 


56 
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52.54 


19.38 


52.45 
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52.37 


19.84 


5C 


57 
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53.48 


19.73 
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53.30 


20.19 
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58 
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20.07 
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5( 


59 
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20.18 


55.35 


20.42 
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5{ 


60 
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20.52 


56.29 
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56.11 
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6( 


61 
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21.11 


57.14 


21.36 


57.04 


21.61 


61 
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58.26 
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58.17 


21.46 


58.07 


21.71 


57.98 


21.97 


6S 


63 


59.20 


21.55 


59.11 


21.81 


59.01 


22.06 


58.91 


22.32 


65 


64 


60.14 


21.69 


60.04 


22.15 


59.95 


22.41 


59.85 


22.67 


64 


65 


61.08 


22.23 


60.98 


22.50 


60.88 


22.76 


60.78 


23.03 


65 


66 


62.02 


22.57 


61.92 


22.84 


61.82 


23.11 


61.72 


23.38 
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67 


62.96 


22.92 


62.86 


23.19 


62.76 


23.46 


62.65 


23.74 


67 


68 


63.90 


23.26 


63.80 


23.54 


63.69 


23.81 


63.59 


24.09 


6^ 


69 


64.84 


23.60 
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23.88 
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65.67 
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70 


71 
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24.28 
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24.57 
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24.86 
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71 


72 


67.66 


24.63 


67.55 
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25.21 


67.33 


25.51 


72 


73 


68.60 


24.97 


68.49 


25.27 


68.38 


25.57 
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73 


74 
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25.61 
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74 
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25.65 
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70.14 
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75 
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76 
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72.24 
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72.01 
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77 


78 
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26.68 


73.18 


27.00 


73.06 


27.32 


72.94 


27.63 


78 


79 


74.24 


27.02 


74.12 


27.34 


74.00 


27.67 


73.88 


27.99 


79 


80 


75.18 


27.36 


75.06 


27.69 


74.93 


28.02 


74.81 


28.34 


80 


81 


76.12 


27.70 


75.99 


28.04 


75.87 


28.37 


75.75 


28.70 


81 


82 


77.05 


28.05 


76.93 


28.38 


76.81 


28.72 


76.68 


29.05 


82 


83 


77.99 


28.39 


77.87 


28.73 


77.74 


29.07 
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29.41 


83 


84 
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28.73 


78.81 


29.07 


78.68 
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78.55 
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84 


85 


79.87 
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29.42 
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29.77 
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85 
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30.47 
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1.86 
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6.59 
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2.87 
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9.32 
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3.71 
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3.94 
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11 


12 
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4.35 


11.17 


4.40 


11.15 


4.45 


12 


13 


12.14 
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4.71 
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4.76 


12.07 
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13 


14 
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13.03 
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13.00 


6.19 


14 


15 
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5.38 


13.98 


6.44 
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6.50 


13.93 


6.56 


15 


16 
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6.73 
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5.80 


14.89 


6.86 
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6.93 


16 


17 
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6.09 
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6.16 


15.82 
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18 


19 
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6.89 
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19 
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20 


21 
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7.53 
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7.61 
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21 


22 
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7.97 


20.47 


8.06 


20.43 


8.15 


22 


23 


21.47 


8.24 


21.44 


8.34 


21.40 


8.43 


21.36 


8.52 


23 


24 


22.41 


8.60 


22.37 


8.70 


22.33 


8.80 


22.29 


8.89 


24 


25 


23.34 


8.96 


23.30 


9.06 


23.26 


9.16 


23.22 


9.26 


25 


26 


24.27 


9.32 


24.23 


9.42 


24.19 


9.53 


24.15 


9.63 


26 


27 


25.21 


9.68 


25.16 


9.79 


25.12 


9.90 


25.08 


10.01 


27 


28 


26.14 


10.03 


26.10 


10,15 


26.05 


10.26 


26.01 


10.38 


28 


29 


27.07 


10.39 


27.03 


10.51 


26.98 


10.63 


26.94 


10.75 


29 


30 


28.01 


10.75 


27.96 


10.87 


27.91 


11.00 


27.86 


11.12 


30 


31 


28.94 


11.11 


1 

28.89 


11.24 


28.84 


11.36 


28.79 


11.49 


31 


32 


29.87 


11.47 


29.82 


11.60 


29.77 


11.73 


29.72 


11.86 


32 


33 


30.81 


11.83 


30.76 


11.96 


30.70 


12.09 


30.65 


12.23 


33 


34 


31.74 


12.18 


31.69 


12.32 


31.63 


12.46 


31.68 


12.60 


34 


as 


32.68 


12.54 


32.62 


12.69 


32.56 


12.83 


32.51 


12.97 


35 


36 


33.61 


12.90 


33.55 


13.05 


33.50 


13.19 


33.44 


13.34 


36 


37 


34.54 


13.26 


34.48 


13.41 


34.43 


13.56 


34.37 


13.71 


37 


38 


35.48 


13.62 


35.42 


13.77 


35.36 


13.93 


35.29 


14.08 


38 


39 


36.41 


13.98 


36.35 


14.14 


36.29 


14.29 


36.22 


14.45 


39 


40 


37.34 


14.33 


37.28 


14.50 


37.22 


14.66 


37.16 


14.82 


40 


41 


38.28 


14.69 


38.21 


14.86 


38.15 


15.03 


38.08 


15.19 


41 


42 


39.21 


15.05 


39.14 


15.22 


39.08 


15.39 


39.01 


16.56 


42 


43 


40.14 


15.41 


40.08 


16.58 


40.01 


15.76 


39.94 


16.93 


43 


44 


41.06 


15.77 


41.01 


15.95 


40.94 


16.13 


40.87 


16.30 


44 


45 


42.01 


16.13 


41.94 


16.31 


41.87 


16.49 


41.80 


16.68 


46 


46 


42.94 


16.48 


42.87 


16.67 


42.80 


16.86 


42.73 


17.05 


46 


47 


43.88 


16.84 


43.80 


17.03 


43.73 


17.23 


43.66 


17 42 


47 


48 


44.81 


17.20 


44.74 


17.40 


44.66 


17.59 


44.68 


17.79 


48 


49 


46.75 


17.56 


45.67 


17.76 


45.59 


17.96 


46.51 


18.16 


49 


50 


46.68 


17.92 


46.60 


18.12 


46.52 


18.33 


46.44 


18.53 


50 


• 

• 
o 
a 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


• 

• 


















4 


.3 

Q 


691 


>««. 


68} 


Deg. 


68i 


Deg. 


68i : 


Def. 
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TRAVERSE TABLE. 



s 

t 

8 

• 


f 1 Degr. 


2U Deg:. 


214 Deg. 


21} Deg. 


1 

s 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 

• 


Dep. 


Lat. 


Dep. 


51 


47.61 < 


18.28 


47.53 


18.48 


47.45 


18.69 


47.37 


18.90 


51 


52 


48.55 


18.64 


48.46 


18.85 


48.38 


19.06 


48.30 


19.27 


52 


53 


49.48 


18.99 


49.40 


19.21 


49.31 


19.42 


49.23 


19.64 


53 


54 


50.41 


19.35 


60.33 


19.57 


50.24 


19.79 


50.16 


20.01 


54 


55 


51.35 


19.71 


51.26 


19.93 


51.17 


20.16 


51.08 


20.38 


65 


56 


52.28 


20.67 


52.19 


20.30 


52.10 


20.52 


52.01 


20.75 


56 


57 


53.21 


20.43 


53.12 


20.66 


53.03 


20.89 


52.94 


21.12 


57 


58 


54.15 


20.79 


54.06 


21.02 


53.96 


21.26 


53.87 


21.49 


58 


59 


55.08 


21.14 


54.99 


21.88 


54.89 


21.62 


54.80 


21.86 


69 


60 
61 


56.01 


21.50 


55.92 


21.75 


55.83 


21.99 


55.73 


22.23 


60 


56.95 


21.86 


56.85 


22.11 


56.76 


22.36 


56.66 


22.60 


61 


62 


57.88 


22.22 


57.78 


22.47 


67.69 


22.72 


67.59 


22.97 


62 


63 


58.82 


22.58 


58.72 


22.83 


58.62 


23.09 


58.62 


23.35 


63 


64 


59.75 


22.94 


59.65 


23.20 


59.55 


23.46 


59.44 


23.72 


64 


65 


60.68 


23.29 


60.58 


23.56 


60.48 


23.82 


60.37 


24.09 


65 


66 


61.62 


23.65 


61.51 


23.92 


61.41 


24.19 


61.30 


24.46 


66 


67 


62.55 


24.01 


62.44 


24.28 


62.34 


24.56 


62.23 


24:83 


67 


68 


63.48 


24.37 


63.38 


24.65 


63.27 


24.92 


63.16 


25.20 


68 


69 


64.42 


24.73 


64.31 


25.01 


64.20 


25.29 


64.09 


25.57 


69 


70 


65.35 


25.09 


65.24 


25.37 


65.13 


25.66 


65.02 


25.94 


70 


71 


66.28 


25.44 


66.17 


25.73 


66.06 


26.02 


65.95 


26.31 


71 


72 


67.22 


25.80 


67.10 


26.10 


66.99 


26.39 


66.87 


26.68 


72 


73 


68.15 


26.16 


68,04 


26.46 


67.92 


26.75 


67.80 


27.05 


73 


74 


69.08 


•26.52 


68.97 


26.82 


68.85 


27.12 


68.73 


27.42 


74 


75 


70.02 


26.88 


69.90 


27.18 


69.78 


27.49 


69.66 


27.79 


75 


76 


70.95 


27.24 


70.83 


27.65 


70.71 


27.85 


70.59 


28.16 


76 


77 


71.89 


27.59 


71.76 


27.91 


71.64 


28.22 


71.62 


28.53 


77 


78 


72.82 


27.95 


72.70 


28.27 


72.57 


28.59 


72.45 


28.90 


78 


79 


73.75 


28.31 


73.63 


28.63 


73.50 


28.95 


73.38 


29.27 


79 


80 


74.69 


28.67 


74.56 


29.00 


74.43 


29.32 


74.30 


29.64 


80 


81 


75.62 


29.03 


75.49 


29.36 


75.36 


29.69 


75.23 


30.02 


81 


82 


76.55 


29.39 


76.42 


29.72 


76.29 


30.05 


76.16 


30.39 


82 


83 


77.49 


29.74 


77.36 


30.08 


77.22 


30.42 


77.09 


30.76 


83 


84 


78.42 


30.10 


78.29 


30.44 


78.16 


30.79 


78.02 


31.13 


84 


85 


79.35 


30.46 


79.22 


30.81 


79.09 


31.15 


78.95 


31.50 


85 


86 


80.29 


30.82 


80.15 


31.17 


^.02 


31.52 


79.88 


31.87 


86 


87 


81.22 


31.18 


81.08 


31.53 


80.95 


31.89 


80.81 


32.24 


87 


88 


82.16 


31.54 


82.02 


31.89 


81.88 


32.25 


81.74 


32.61 


88 


89 


83.09 


31.89 


82.95 


32.26 


82.81 


32.62 


82.66 


32.98 


89 


90 


84.02 


32.25 


83.88 


32.62 


83.74 


32.99 


83.59 


33.35 


90 


91 


84.96 


32.61 


84.81 


32.98 


84.67 


33.35 


84.52 


33.72 


91 


92 


85.89 


32.97 


85.74 


33.34 


85.60 


33.72 


85.45 


34.09 


92 


93 


86.82 


33.33 


86.68 


33.71 


86.53 


34.08 


86.38 


34.46 


93 


94 


87.76 


33.69 


87.61 


34.07 


87.46 


34.45 


87.31 


34.83 


94 


95 


88.69 


34.04 


88.54 


34.43 


88.39 


34.82 


88.24 


35.20 


95 


96 


89 .'62 


34.40 


89.47 


34.79 


89.32 


35.18 


89.17 


35.57 


.96 


97 


90.56 


34.76 


90.40 


35.16 


90.25 


35.55 


90.09 


35.94 


97 


98 


91.49 


35.12 


91.34 


35.52 


91,18 


35.92 


91.02 


36.31 


98 


99 


92.42 


35.48 


92.27 


35.88 


92.11 


36.28 


91.95 


36.69 


99 


100 


93.36 


35.84 


93.20 


36.24 


93.04 


36.65 


92.88 


37.06 


100 


1 Distance. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat. 


Dep. Lat 


• 


W Deg. 


68| Deg. 1 


68i Deg. 


m Deg. 


.a 
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TRAtTERSE TABLE. 



o 

s- 

f 

S 

• 


22 Deg. 


m D€g. 


22) Deg. 


»|Dej. 


S' 

1 

s 

• 




Lat 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


1 


0.93 


0.37 


0.93 


0.38 


0.92 


0.38 


0.92 


0.39 


1 


2 


1.85 


0.75 


1.85 


0.76 


1.85 


0.77 


1.84 


0.77 


2 


3 


2.7i 


1.12 


2.78 


1.14 


2.77 


1.15 


2.77 


1.16 


3 


4 


'3.71 


1.50 


3.70 


1.51 


3.70 


1.53 


3.69 


1.55 


4 


5 


4.64 


1.87 


4.63 


1.89 


4.62 


t.91 


4.61 


1.93 


5 


6 


5.56 


2.25 


5.55 


2.27 


5.54 


2.30 


5.53 


2.32 


6 


7 


6.49 


2.62 


6.4S 


2.65 


6.47 


2.68 


6.46 


2.71 


7 


8 


7.42 


3.00 


7.40 


3.03 


7.39 


3.06 


7.38 


3.0^ 


8 


9 


8.34 


3.37 


8.33 


3.41 


8.31 


3.44 


8.30 


3.48 


9 




10 


9.27 


3.75 


9.26 


3.79 


9.24 


3.83 


9.22 


3.87 


10 




11 


10.20 


4.12 


10.18 


4.17 


10.16 


4.21 


10.14 


4.25 


11 




12 


11.13 


4.50 


11.11 


4.54 


11.09 


4.59 


11.07 


4.64 


12 




13 


12.05 


4.87 


12.03 


4.92 


12.01 


4.97 


11.99 


5.03 


13 


' 


14 


12.98 


5.24 


12.96 


5.30 


12.93 


5.36 


12.91 


5.41 


14 




15 


13.91 


5.62 


13.88 


5.68 


13.86 


5.74 


13.83 


5.80 


15 




16 


14.83 


5.99 


14.81 


6.06 


14.78 


6.12 


14.76 


6.19 


16 




17 


15.76 


6.37 


15.73 


6.44 


15.71 


6.51 


15.68 


6.57 


17 




18 


16.69 


6.74 


16.66 


6.82 


16.63 


6.89 


16.60 


6.96 


18 




19 


17.62 


7.12 


17.59 


7.19 


17.55 


7.27 


17.52 


7.35 


19 




20 


18.54 


7.49 


18.51 


7.57 


18.48 


7.65 


18.44 


7.73 


20 




21 


19.47 


7.87 


19.44 


7.95 


19.40 


8.04 


19.37 


8.12 


21 




22 


20.40 


8.24 


20.36 


8.33 


20.33 


8.42 


20.29 


8.51 


22 




23 


21.33 


8.62 


21.29 


8.71 


21.25 


8.80 


21.21 


8.89 


23 




24 


22.25 


8.99 


22.21 


9.09 


22.17 


9.18 


22.13 


9.28 


24 




25 


23.18 


9.37 


23.14 


9.47 


23.10 


9.57 


23.06 


9.67 


25 




26 


24.11 


9.74 


24.06 


9.84 


24.02 


9.95 


23.98 


10.05 


26 




27 


25.03 


10.11 


24.99 


10.22 


24.94 


10.33 


24.90 


10.44 


27 




28 


25.96 


10.49 


25.92 


10.60 


25.87 


10.72 


25.82 


10.83 


28 




29 


26.89 


10.86 


26.84 


10.98 


26.79 


11.10 


26.74 


11.21 


29 




30 


27.82 


11.24 


27.77 


11.36 


27.72 


11.48 


27.67 


11.60 


30 




31 


28.74 


11.61 


28.69 


11.74 


28.64 


11.86 


28.59 


11.99 


31 




32 


29.67 


11.99 


29.62 


12.12 


29.56 


12.25 


29.51 


12.37 


32 




33 


30.60 


12.36 


30.54 


12.50 


30.49 


12.63 


3a.43 


12.76 


33 




34 


31.52 


12.74 


31.47 


12.87 


31.41 


13.01 


31.35 


13.15 


34 




a5 


32.45 


13.11 


^.39 


13.25 


32.34 


13.39 


32.28 


13.53 


35 




36 


33.38 


13.49 


33.32 


13.63 


33.26 


13.78 


33.80 


13.92 


36 




37 


34.31 


13.86 


34.24 


14.01 


34.18 


14.16 


34.12 


14.31 


37 




38 


35.23 


14.24 


35.17 


14.39 


35.11 


14.54 


35.04 


14.70 


38 




39 


36.16 


14.61 


36.10 


14.77 


36.03 


14.92 


35.97 


15.08 


39 




40 


37.09 


14.98 


37.02 


15.15 


36.96 


15.31 


36.89 


15.47 


40 




41 


38.01 


15.36 


37.95 


15.52 


37.88 


15.69 


37.81 


15.86 


41 




42 


38.94 


16.73 


38.87 


15.90 


38.80 


16.07 


38.73 


16.24 


42' 




43 


39.87 


16.11 


39.80 


16.28 


39.73 


16.46 


39.65 


16.63 


43 




44 


40.80 


16.48 


40.72 


16.66 


40.65 


16.84 


40.58 


17.02 


44 




45 


41.72 


16.86 


41.65 


17.04 


41.57 


17.22 


41.50 


17.40 


45 




46 


42.65 


17.23 


42.57 


17.42 


42.50 


17.60 


42.42 


17.79 


46 




47 


43.58 


17.61 


43.50 


17.80 


43.42 


17.99 


43.34 


18.18 


47 




48 


44.50 


17.98 


44.43 


18.18 


44.35 


18.37 


44.27 


18.56 


48 




49 


45.43 


18.36 


45.35 


18.55 


45.27 


18.75 


45.19 


18.95 


49 




50 


46.36 


18.73 


46.28 


18.93 


46.19 


19.13 


46.11 


19.34 


50 




• 

s 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


i 




1 
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Q 
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Deg. 
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Deg. 
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TRAVERSE TABL&. 



s 

s 

• 


22 Dei;. 


82iDe|;. 


22i Des^. 


22iDeg. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


51 


47.29 


19.10 


47.20 


19.31 


47.12 


19.52 


47.03 


19.72 


52 


48.21 


19.48 


48.13 


19.69 


48.04 


19.90 


47.95 


20.11 


53 


49.14 


19.85 


49.05 


20.07 


48.97 


20.28 


48.88 


20.50 


54 


50.07 


20.23 


49.98 


20.45 


49.89 


20.66 


49.80 


20.88 


55 


51.00 


20.60 


60.90 


20.83 


60.81 


21.05 


50.72 


21.27 


56 


51.92 


20.98 


61.83 


21.20 


51.74 


21.43 


61.64 


21.66 


57 


52.85 


21.35 


52.76 


21.58 


52.66 


21.81 


52.57 


22.04 


58 


63.78 


21.73 


63.68 


21.96 


63.59 


22.20 


53.49 


22.43 


59 


54.70 


22.10 


64.61 


22.34 


64.51 


22.58 


64.41 


22.82 


60 


55.63 


22.48 


66.53 


22.72 


65.43 


22.96 

i 


55.33 


23.20 


61 


56.56 


22.85 


66.47 


23.10 


56.36 


23.34 


56.26 


23.69 


62 


67.49 


23.23 


67.38 


23.48 


67.28 


23.73 


67.18 


23.98 


63 


58.41 


23.60 


68.31 


23.85 


58.20 


24.11 


^8.10 


24.36 


64 


59.34 


23.97 


69.23 


24.23 


69.13 


24.49 


69.02 


24.75 


65 


60.27 


24.35 


60.16 


24.61 


60.06 


24.87 


69.94 


25.14 


66 


6K19 


24.72 


61.09 


24.99 


60.98 


25.26 


60.87 


25.52 


67 


62.12 


26.10 


62.01 


25.37 


61.90 


25.64 


61.79 


25.91 


68 


63.05 


25.47 


62.94 


25.75 


62.82 


26.02 


62.71 


26.30 


69 


63.98 


25.85 


63.86 


26.13 


63.75 


26.41 


63.63 


26.68 


70 


64.90 


26.22 


64.79 


26.51 


64.67 


26.79 


64.65 


27.07 


71 


65.83 


26.60 


65.71 


26.88 


65.60 


27.17 


65.48 


27.46 


72 


66.76 


26.97 


66.64 


27.26 


66.52 


27.55 


66.40 


27.84 


73 


67.68 


27.35 


67.56 


27.64 


67.44 


27.94 


67.32 


28.23 


74 


68.61 


27.72 


68.49' 


28.02 


68.37 


28.32 


68.24 


28.62 


75 


69 54 


28.10 


69.42 


28.40 


69.29 


28.70 


69.17 


29.00 


76 


70.47 


28.47 


70.34 


28.78 


70.21 


29.08 


70.09 


29.39 


77 


71.39 


28.84 


71.27 


29.16 


71.14 


29.47 


71.01 


29.78 


78 


72.32 


29.22 


72.19 


29.63 


72.06 


29.85 


71.93 


30.16 


79 


73.25 


29.59 


73.12 


29.91 


72.99 


30.23 


72.86 


30.55 


80 


74.17 


29.97 


74.04 


30.29 


73.91 


30.61 

» 


73.78 


30.94 


81 


75.10 


30.34 


74.97 


30.67 


74.83 


31.00 


74.70 


31.32 


82 


76.03 


30.72 


75.89 


31.05 


75.76 


31.3fi 


75.62 


31.71 


83 


76.96 


31.09 


76.82 


31.43 


76.68 


31.76 


76.54 


32.10 


84 


77.88 


31.47 


77.75 


31.81 


77.61 


32.16 


77.46 


32.48 


85 


78.81 


31.84 


78.67 


32.19 


78.53 


32.53 


78.39 


32.87 


86 


79.74 


32.22 


79.60 


32.66 


79.45 


32.91 


79.31 


33.26 


87 


80.66 


32.59 


80.52 


32.94 


80.38 


33.29 


80.23 


33.64 


88 


81.59 


32.97 


81.45 


33.32 


81.30 


33.68 


81.16 


34.03 


89 


82.52 


33.34 


82.37 


33.70 


82.23 


34.06 


.82.06 


34.42 


90 


83.45 


33.71 


83.30 


34.08 


83.16 


34.44 


83.00 


34.80 


91 


84.37 


34.09 


84.22 


34.46 


84.07 


34.82 


83.92 


35.19 


92 


85.30 


tl4.46 


85.15 


34.84 


85.00 


36.21 


84.84 


35.58 


93 


86.23 


34.84 


86.08 


36.21 


85.92 


35.59 


86.76 


35.96 


94 


87.16 


35.21 


87.00 


36.59 


86.84 


35.97 


86.69 


36.35 


95 


88.08 


35.69 


87.93 


35.07 


87.77 


36.35 


87.61 


36.74 


96 


B9.01 


35.96 


88.85 


36.35 


88.69 


36.74 


88.63 


37.12 


97 


89.94 


36.34 


89.78 


36.73 


89.62 


37.12 


89.45 


37.51 


98 


90.86 


36.71 


90.70 


37.11 


90.54 


37.60 


90.38 


37.90 


99 


91.79 


37.09 


91.63 


37.49 


91.46 


37.89 


91.90 


38.28 


100 


92.72 


37.46 


02.66 


37.86 


92.39 


38.27 


92.22 


38.67 


^ 
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Dep. 


Lat. 
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Lat. 


Dep. 


Lat. 


68Deff. 
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1 


Lat. 
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Dep. 
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1 


0.82 


0.39 


0.92 


0.39 


0.92 


0.40 


0.92 


0.40 


1 


s 


1.84 


0-78 


1.84 


0.79 


1.83 


0.80 


1.83 


0.81 


2 


3 


2.76 


1.17 


2.76 


1.18 


2.75 


1.20 


2.75 


1.21 


3 


4 


3.68 


1.56 


3.68 


1.58 


3.67 


1.59 


3.66 


1.61 


4 


5 


4.60 


1.95' 


4.59 


1.97 


4.59 


1.99 


4.58 


2.01 


5 


6 


5.52 


2.34 


5.51 


2.37 


5.50 


2.39 


5.49 


2.42 


6 


7 


6.44 


2.74 


6.43 


2.76 


6.42 


2.79 


6.41 


2.82 


7 


8 


7.36 


3.13 


7.35 


3.16 


7.34 


3.19 


7.32 


3.22 


8 


9 


8.28 


3.52 


8.27 


3.55 


8.25 


3.59 


8.24 


3.62 


9 


10 


9.20 


3.91 


9.19 


3.95 


9.17 


3.99 


9.15 


4.03 


10 


11 


10.13 


4.30 


10.11 


4.34 


10.09 


4.39 


10.07 


4.43 


11 


12 


11.05 


4.69 


11.03 


4.74 


11.00 


4.78 


10.98 


4.83 


12 


13 


11.97 


5.08 


11.94 


5.13 


11.92 


5.18 


11.90 


5.24 


13 


14 


12.89 


5.47 


12.86 


5.53 


12.84 


5.58 


12.81 


5.64 


14 


15 


13.81 


5.86 


13.78 


5.92 


13.76 


5.98 


13.73 


6.04 


15 


16 


14.73 


6.25 


14.70 


6.32 


14.67 


6.38 


14.64 


6.44 


16 1 


17 


15.65 


6.64 


15.62 


6.71 


15.59 


6.78 


15.56 


6.85 


17 n 


IB 


16.57 


7.03 


16.54 


7.11 


16.51 


7.18 


16.48 


7.25 


18 H 


10 


17.49 


7.42 


17.46 


7.50 


17.42 


7.58 


17.39 


7.65 


19 N 


90 


18.41 


7.81 


18.38 


7.89 


18.34 


7.97 


18.31 


8.05 


20 


21 


19.33 


8.21 


19.29 


8.29 


19.26 


8.37 


19.22 


8.46 


21 


S2 


20.25 


8.60 


20.21 


8.68 


20.18 


8.77 


20.14 


8.86 


22 


23 


21.17 


8.99 


21.13 


9.08 


21.09 


9.17 


21.05 


9.26 


23 


24 


22.09 


9.38 


22.05 


9.47 


22.01 


9.57 


21.97 


9.67 


24 


25 


23.01 


9.77 


22.97 


9.87 


22.93 


9.97 


22.88 


10.07 


25 


28 


23.93 


10.16 


23.89 


10.26 


23.84 


10.37 


23.80 


ia.47 


26 


27 


24.85 


10.55 


24.81 


10.66 


24.76 


ia.77 


24.71 


10.87 


27 


28 


25.77 


10.94 


25.73 


11.05 


25.68 


11.16 


25.63 


11.28 


28 


29 


26.69 


11.33 


26.64 


11.45 


26.59 


11.56 


2^.54 


11.68 


29 


30 


27.62 


11.72 


27.56 


11.84 


27.61 


11.96 


27.46 


12.08 


30 


31 


28.54 


12.11 


28.48 


12.24 


28.43 


12.36 


28.37 


12.49 


31 


32 


29.46 


12.50 


29.40 


12.63 


29.35 


12.76 


2^.29 


12.89 


32 


33 


30.38 


12.89 


30.32 


13.03 


30.26 


13.16 


30.21 


13.29 


;« 


34 


31.30 


13.28 


31.94 


13.42 


31.18 


13.56 


31.12 


13.69 


34 


35 


32.22' 


13.68 


32.16 


13.82 


32.10 


13.96 


32.04 


14.10 


35 


36 


33.14 


14;07 


33.08 


14.21 


33.01 


14.35 


32.95 


14.50 


36 


37 


34.06 


14.46 


34.00 


14.61 


33.93 


14.75 


33.87 


14.90 


37 


38 


34.98 


14.85 


34.91 


15.00 


34.85 


15.15 


34.78 


15.30 


38 


39 


35.90 


15.24 


35.83 


15.39 


35.77 


15.55 


35.70 


15.71 


39 


40 


36.82 


15.63 


36.75 


15.79 


36.68 


15.95 


36.61 


16.11 


40 


41 


37.74 


16.02 


37.67 


16.18 


37.60 


16.35 


37.53 


16.51 


41 


42 


38.66 


16.41 


38.59 


16.58 


38.52 


16.75 


38.44 


16.92 


42 


43 


39.58 


16.80 


39.51 


16.97 


39.43 


17.15 


39.36 


17.38 


43 


44 


40.50 


17.19 


40.43 


17.37 


40.35 


17.54 


40.27 


17.72 


44 


45 


41.42 


17.58 


41.35 


17.76 


41.27 


17.94 


41.19 


18.12 


45 


46 


42.34 


17.97 


42.26 


18.16 


42.18 


18.34 


42.10 


18.53 


46 


47 


43.26 


18.36 


43.18 


18.55 


43.10 


18.74 


43.02 


18.93 


47 


48 


44.18 


18.76 


44.10 


18.95 


44.02 


19.14 


43.93 


19.33 


48 


49 


45.10 


19.15 


45.02 


19.34 


44.94 


19.54 


44.85 


19.73 


49 


50 

• 

8 

Q 
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19.54 


45.94 


19.74 


45.85 
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46.77 
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Lat. 
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Lat. 


Dep. 
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19.93 


46.86 


20.13 


46.77 


20.34 


46. 6» 


20.64 


61 




52 


47.87 


20.32 


47.78 


20.63 


47.69 


20.73 


47:60 


20.94 


62 




53 


48.79 


20.71 


48.70 


20.92 


48.60 


21.13 


48.61 


21.35 


A3 




54 


49.71 


21.10 


49.61 


21.32 


49.62 


21.53 


49.43 


21.76 


54 




65 


50.63 


21.49 


50.53 


21^71 


60.44 


21.93 


50.34 


22:15 


56 




56 


51.55 


21.88 


51.45 


22.11 


61.36 


22.33 


61.26 


22.65 


56 




57 


52.47 


22.27 


52.37 


22.50 


62.27 


22.73 


52.17 


22.96 


57 




58 


53.39 


22*66 


63.29 


22.90 


63.19 


23.13 


63.09 


23.36 


58 




59 


54.31 


23.05 


54.21 


23.29 


64.11 


23.53 


64.00 


23.76 


59 




60 
61 


55.23 


23.44 


55.13 


23.68 


66.02 


23.92 


64.92 


U.16 


6€ 




56.15 


23.83 


56.05 


24.08 


66.94 


24.32 


66.83 


24.57 


61 




62 


57.07 


24.23 


56.97 


24.47 


66.86 


24.72 


66.75 


24.97 


6S 




63 


57.99 


24.62 


57.88 


24.87 


67.77 


25.12 


67.66 


25.37 


6,1 




64 


58.91 


25.01 


58.80 


26.26 


58.69 


25.62 


68.68 


25.78 


6^ 




65 


59.83 


25.40 


59.72 


26.66 


59.61 


26.92 


69.50 


26.18 


65 




66 


60.75 


25.79 


60.64 


26.06 


60.63 


26.32 


60.41 


26.68 


6« 




67 


61.67 


26.18 


61.56 


26.45 


61.44 


26.72 


61.33 


26.98 


67 




68 


62.59 


26.57 


62.48 


26.84 


62.36 


27.11 


62.24 


27.39 


68 




69 


63.51 


26.96 


63.40 


27.24 


63.28 


27.51 


63.16 


27.79 


69 




70 


64.44 


27.35 


64.32 


27.63 


64.19 


27.91 


64.07 


28.19 


7C 




71 


65.36 


27.74 


65.23 


28.03 


65.11 


28.31 


64.99 


28.59 


71 




72 


66.28 


28.13 


66.15 


28.42 


66.03 


28.71 


65.90 


29.00 


7S 




73 


67.20 


28.52 


67.07 


28.82 


66.95 


29.11 


66.82 


29.40 
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74 


68.12 


28.91 


67.99 


29.21 


67.86 


29.61 


67.73 


29.80 
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75 


69.04 


29.30 


68.91 


29.61 


68.78 
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68.65 


30.21 
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76 
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29.70 


69.83 


30.00 


69.70 


30.30 


69.66 


30.61 


7e 




77 


70.88 


30.0)9 


70.75 


30.40 


70.61 


30.70 


70.48 


31.01 
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78 


71.80 


30.48 


71.67 


30.79 


71.63 


31.10 


71.39 


31.41 
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79 


72.72 


30.87 


72-58 


31.18 


72.46 


31.60 


72.31 


31.82 


7£ 




80 
81 


73.64 


31.26 


73.50 


31.68 


73.36 


31.90 


73.22 


32.22 


8( 




74.56 


31.65 


74.42 


31.97 


74.28 


32.30 


74.14 


32.62 
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82 


75.48 


32.04 


75.34 


32.37 


76.20 


32.70 


75.06 


33.03 


8& 




83 


76.40 


32.43 


76.26 


32.76 


76.12 


33.10 


76.97 


33.43 


8: 




84 


77.32 


32.82 


77.18 


33.16 


77.03 


33.49 


76.89 


33.83 


8< 




H5 


78.24 


33.21 


78.10 


33.66 


77.96 


33.89 


77.80 


34.23 


8£ 




86 


79.16 


33.60 


79.02 


33.96 


78.87 


34.29 


78.72 


34.64 


8e 




87 


80.08 


33.99 


79.93 


34.34 


79.78 


34.69 


79.63 


36.04 


8'; 




88 


81.00 


34.38 


80.86 


34.74 


80.70 


35.09 


80.66 


35.44 


8( 




89 


81.92 


34.78 


81.77 


36.13 


81.62 


35.49 


81.46 


36.84 


81 




90 


82.85 


35.17 


82.69 


36.53 


82.64 


35.89 


82.38 


36.26 


9( 




91 


83.77 


35.56 


83.61 


36.92 


83.45 


36.29 


83.29 


36.65 
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92 


84.69 


35.95 


84.63 


36.32 


84.37 


36.68 


84.21 


37.05 
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93 


85.61 


36.34 


86.46 


36.71 


85.29 


37.08 


86.12 


37.46 


9: 




94 


86.53 


36.73 


86.37 


37.11 


86.20 


37.48 


86.04 


57.86 


9^ 




95 


87.45 


37.12 


87.29 


37.50 


87 12 


37.88 


86.95 


38.26 
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96 


88.37 


37.51 


88.20 


37.90 


88.04 


38.28 


87.87 


38.66 


9( 




97 


89.29 


37.90 


89.12 


38.29 


88.95 


38.68 


88.79 


39.07 
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98 


90.21 


38.29 


90.04 


38.68 


89.87 


39.08 


89.70 


39.47 
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99 
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38.68 


90.96 


39.08 


90.79 


39.48 


90.62 


39.87 
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• 

s 

p 
Q 
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1 


0.91 


0.41 


0.91 


0.41 


0.91 


0.41 


0.91 


0.42 


2 


1.83 


0.81 


1.82 


0.82 


1.82 


0.83 


1.82 


0.84 


2 


3 


2.74 


1.22 


2.74 


1.23 


2.73 


1.24 


2.72 


1.26 


3 


4 


3.65 


1.63 


3.65 


1.64 


3.64 


1.66 


3.63 


1.67 


4 


5 


4.57 


2*03 


4.56 


2.05 


4.66 


2.07 


4.64 


2.09 


5 


6 


5.48 


2.44 


5.47 


2.46 


5.46 


2.49 


6.45 


2.61 


6 


.7 


6.39 


2.85 


6.38 


2.87 


6.37 


2.90 


6.36 


2.93 


7 


8 


7.31 


3.25 


7.29 


3.29 


7.28 


3.32 


7.27 


3.35 


8 


9 


8.22 
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8.21 


3.70 


8.19 


3.73 


8.17 


3.77 


9 


10 


9.14 


4.07 


9.12 


4.11 


9.10 


4.15 


9.06 


4.19 


10 


11 


10.05 


4.47 


10.03 


4.62 


10.01 


4.56 


9.99 


4.61 


11 


12 


10.96 


4.88 


10.94 


4.93 


10.92 


4.98 


10.90 


6.02 


12 


13 


11.88 


6.29 


11.85 


5.34 


11.83 


6.38 


11.81 


6.44 


13 


14 


12.79 


6.69 


12.76 


5.75 


12.74 
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12.71 


6.86 


14 


15 
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6.10 


13.68 


6.16 


13.65 


6.22 


13.62 


6.28 


15 


46 
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14.59 


6.57 
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14.53 
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16 


17 
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15.50 
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7.39 
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7.05 
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17 
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16.41 
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18 


19 
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7.73 
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7.80 


17.29 


7.88 


17.25 


7.96 


19 


20 


18.27 


8.13 


18.24 


8.21 


18.20 


8.29 


18.16 


8.37 


20 


21 


19.18 


8.54 


19.15 


8.63 


19.11 


8.71 


19.07 


8.79 


21 


22 


20.10 


8.95 


20.06 


9.04 


20.02 


9.12 


19.98 


9.21 


22 


23 


21.01 


9.35 


20.97 


9.45 


20.93 


9.64 


20.88 


9.63 


23 


24 


21.93 


9.76 


21.88 


9.86 


21.84 


9.95 


21.80 


10.05 


24 


25 


22.84 


10.17 


22.79 


10.27 


22.75 


10.37 


22.70 


10.47 


25 


26 
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10.58 


23.71 
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23.66 
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23.61 
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26 


27 
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24.62 


11.09 


24.57 
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27 


28 
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11.39 
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11.50 
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28 


29 
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11.91 


26.39 
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30 
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32 
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33 
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13.65 
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33 


34 
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30.94 
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34 


35 
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31.78 


14.65 
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18.30 
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46 
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1.79 


0.88 


1.79 


0.89 


1.79 


0.90 


2 


3 


2.70 


1.32 


2.69 


1.33 


2.68 


1.34 


2.68 


1.35 


3 


4 


3.60 


1.75 


3.59 


1.77 


3.58 


3.57 


1.80 


4 


5 


4.49 


2.19 


4.48 


2.21 


4.47 


2.23 


4.46 


2.25 


5 


6 


6.39 


2.63 


5.38 


2.65 


5.37 


2.68 


5.36 


2.70 


6 


7 


6.29 


3.07 


6.28 


3.10 


6.26 


3.12 


6.26 


3.15 


7 


8 


7.19 


3.51 


7.17 


3.54 


7.16 


3.67 


7.14 


3.60 


8 


9 


8.09 


3.95 


8.07 


3.98 


8.05 


4.02 


8.04 


4.05 


9 


10 


8.99 


4.38 


8.97 


4.42 


8.95 


4.46 


8.93 


4.60 


10 


)1 


9.89 


4.82 


9.87 


4.87 


9.84 


4.91 


9.82 


4.95 


11 


1 1^ 


10.79 


5.26 


10.76 


6.31 


10.74 


6.35 


10.72 


5.40 


12 


13 


11.68 


5.70 


11.66 


6.75 


11.63 


5.80 


11.61 


6.85 


13 


14 


12.58 


6.14 


12.56 


6.19 


12.53 


6.25 


12.50 


6.30 


14 


15 


13.48 


6.58 


13.45 


6.63 


13.42 


6.69 


13.39 


6.75 


15 


16 


14.38 


7.01 


14.35 


7.08 


14.32 


7.14 


14.29 


7.20 


16 


17 


15.28 


7.45 


15.25 


7.52 


15.21 


7.69 


16.18 


7.65 


17 


18 


16.18 


7.89 


16.14 


7.96 


16.11 


8.03 


16.07 


8.10 


18 


19 


17.08- 


8.33 


17.04 


8.40 


17.00 


8.48 


16.97 


8.55 


19 


20 


17.98 


8.77 


17.94 


8.85 


V.90 


8.^ 


17.86 

■ 1^ ■ 


9.00 


20 


21 


18.87 


9.21 


18.83 


9.29 


18.79 


9.37 


18.76 


9.45 


21 


22 


19.77 


9.64 


19.73 


9.73 


19.69 


9.82 


19.65 


9.90 


22 


23 


20.67 


10.08 


20.63 


10.17 


20.68 


10.26 


20.54 


10.35 


23 


24 


21.57 


10.52 


21.52 


10.61 


21.48 


10.71 


21.43 


10.80 


24 


25 


22.47 


10.96 


22.42 


11.06 


22.37 


11.15 


22.32 


11.25 


25 


26 


23.37 


11.40 


23.32 


11.50 


23.27 


11.60 


23.22 


11.70 


26 


2T 


24.27 


11.84 


24.22 


11.94 


24.16 


12.05 


24.11 


12.16 


27 


28 


25.17 


12.27 


25.11 


12.38 


25.06 


12.49 


25.00 


12.60 


28 


29 


26.06 


12.71 


26.01 


12.83 


25.95 


12.94 


25.90 


13.05 


29 


30 


26.96 


13.15 


26.91 


13.27 


26.85 


13.39 


26.79 


13.50 


30 


31 


27.86 


13.59 


27.80 


13.71 


27.74 


13.83 


27.68 


13.95 


31 


32 


28.76 


14.03 


28.70 


14.15 


28.64 


14.28 


28.68 


14.40 


32 


33 


29.66 


14.47 


29.60 


14.60 


29.53 


14.72 


29.47 


14.85 


Xi 


34 


30.56 


14.90 


30.49 


15.04 


30.43 


15.17 


30.36 


15.30 


34 


35 


31.46 


15.34 


31.39 


16.48 


31.32 


15.62 


31.25 


15.75 


35 


36 


32.36 


15.78 


32.29 


15.92 


32.22 


16.06 


32.15 


16.20 


36 


37 


33.26 


16.22 


33.18 


16.36 


33.11 


16.51 


33.04 


16.65 


37 


38 


34.15 


16.66 


34.08 


16.81 


34.01 


16.96 


33.93 


17.10 


38 


39 


35.05 


17.10 


34.98 


17.25 


34.90 


17.40 


34.83 


17.55 


39 


40 


35.95 


17.53 


35.87 


17.69 


35.80 


17.85 


35.72 


18.00 


40 


41 


36.85 


17.97 


36.77 


18.13 


36.69 


18.29 


36.61 


18.45 


41 


42 


37.75 


18.41 


37.67 


18.68 


37.59 


18.74 


37.51 


18.90 


42 


43 


38.65 


18.85 


38.67 


19.02 


38.48 


19.19 


38.40 


19.35 


43 


44 


39.55 


19.29 


39.46 


19.46 


39.38 


19.63 


39.29 


19.80 


44 


45 


40.45 


19.73 


40.36 


19.90 


40.27 


20.08 


40.18 


20.25 


45 


46 


41.34 


20.17 


41.26 


20.35 


41.17 


20.53 


41.08 


20.70 


46 


47 


42.24 


20.60 


42.15 


20.79 


42.06 


20.97 


41.97 


21.15 


47 


48 


43.14 


21.04 


43.05 


21.23 


42.96 


21.42 


42.86 


21.60 


48 


49 


44.04 


21.48 


43.95 


21.67 


43.85 


21.86 


43.76 


22.05 


49 


1 

1 Distance, g 


44.94 


21.92 


44.84 


22.11 


44.75 


22.31 


44.65 


22.50 


60 


Dep. Lat. 


D6p. 


Lat. 


Dep. Lat. 


Dep. 


Lat 


• 

o 

a 

s 


64Des^. 


631 


Deg. 


634Deff. 


63|] 


Deff. 









.TRAVI»SE TABLE. 


• 




52 


q 

• 


S6 0€f. 


mi>^. 


26iDer. 


26}Der. 


Distance. 


Lat. 


Dap. 


Lat. 


Dep* 


Lat. 


Dep. 


Lat 


Dep. 


51 


45.84 


22.36 


45*74 


22.56 


45.64 


22.76 


45.54 


22.96 


51 


52 


46.74 


22.80 


46.64 


23.00 


46.54 


23.20 


46.43 


23.41 


52 


53 


47.64 


23.23 


47.53 


23.44 


47.43 


23.65 


47.33 


23.86 


53 


54 


48.53 


23.67 


48.43 


23.88 


48.33 


24.09 


48.22 


24.31 


54 


55 


49.43 


24.11 


49.33 


24.33 


49.22 


24.54 


49.11 


24.76 


55 


56 


50.33 


24.55 


50.22 


24.77 


50.12 


24.99 


50.01 


25.21 


56 


57 


51.23 


24.99 


51.12. 


25.21 


51.01 


25.43 


50.90 


25.66 


57 


58 


52.13 


25.43 


52.02 


25.65 


51.91 


25.88 


51.79 


26.11 


58 


59 


53.03 


25.86 


52.92 


26.09 


52.80 


26.33 


52.69 


26.56 


59 


60 


53.93 


26.30 


53.81 


26.54 


53.70 


26.77 


53.58 


27.01 


60 


61 


54.83 


26.74 


54.71 


26.98 


54.59 


27.22 


54.47 


27.46 


61 


62 


55.73 


27.18 


55.61 


27.42 


55.49 


27.66 


65.36 


27.91 


62 


63 


56.62 


27.62 


56.50 


27.86 


56.38 


28.11 


56.26 


28.36 


63 


64 


57.52 


28.06 


57.40 


28.31 


57.28 


28.56 


57.15 


28.81 


64 


65 


58.42 


28.49 


58.30 


28.75 


58.17 


29.00 


58.04 


29.26 


65 


66 


59.32 


28.93 


59.19 


29.19 


59.07 


29.45 


58.94 


29.71 


66 


67 


60.22 


29.37 


60.09 


29.63 


59.96 


29.90 


59.83 


30.16 


67 


68 


61.12 


29.81 


60.99 


30.08 


60.86 


30.34 


60.72 


30.61 


68 


69 


62.02 


30.25 


61.88 


30.52 


61.75 


30.79, 


61.62 


31.06 


69 


70 


62.92 


30.69 


62.78 


30.96 


62.65 


31.23 


62.51 


31.51 


70 


71 


63.81 


31.12 


63.68 


31.40 


63.54 


31.68 


63.40 


31.96 


71 


72 


64.71 


31.56 


64.57 


31.84 


64.44 


32.13 


64.29 


32.41 


72 


73 


65.61 


32.00 


65.47 


32.29 


65.33 


32.57 


65.19 


32.86 


73 


74 


66.51 


32.44 


66.37 


32.73 


66.23 


33.02 


66.08 


33.31 


74 


75 


67.41 


32.88 


67.27 


33.17 


67.12 


33.46 


66.97 


33.76 


75 


76 


68.31 


33.32 


68.16 


33.61 


68.01 


33.91 


67.87 


34.21 


76 


77 


69.21 


33.75 


69.06 


34.06 


68.91 


34.36 


68.76 


34.66 


77 


78 


70.11 


34.19 


69.96 


34.50 


69.80 


34.80 


69.65 


35.11 


78 


79 


71.00 


34.63 


70.85 


34.94 


70.70 


35.25 


70.55 


35.56 


79 


80 


71.90 


35.07 


71.75 


35.38 


71.59 


35.70 


71.44 


36.01 


80 


81 


72.80 


35.51 


72.65 


35.83 


72.49 


36.14 


72.33 


36.46 


81 


82 


73.70 


35.95 


73.54 


36.27 


73.38 


36.59 


73.22 


36.91 


82 


83 


74.60 


36.38 


74.44 


36.71 


74.28 


37.03 


74.12 


37.36 


83 


84 


75.50 


36.82 


75.34 


37.15 


75.17 


37.48 


75.01 


37.81 


84 


85 


76.40 


37.26 


76.23 


37.59 


76.07 


37.93 


75.90 


38.26 


85 


86 


77.30 


37.70 


77.13 


38.04 


76.96 


38.37 


76.80 


38.71 


86 


87 


78.20 


38.14 


78.03 


38.48 


77.86 


38.82 


77.69 


39.16 


87 


88 


79.09 


38.58 


78.92 


38.92 


78.75 


39.27 


78.58 


39.61 


88 


89 


79.99 


39.01 


79.82 


39.36 


79.65 


39.71 


79.48 


40.06 


89 


90 


80.89 


39.45 


80.72 


39.81 


80.54 


40.16 


80.37 


40.61 


90 


91 


81.79 


39.89 


81.62 


40.25 


81.44 


40.60 


81.26 


40.96 


91 


92 


82.69 


40.33 


82.51 


40.69 


82.33 


41.05 


82.15 


41.41 


92 


93 


83.59 


40.77 


83.41 


41.13 


83.23 


41.50 


83.05 


41.86 


93 


94 


84.49 


41.21 


84.31 


41.58 


84.12 


41.94 


83.94 


42.31 


94 


95 


85.39 


41.65 


85.20 


42.02 


85.02 


42.39 


84.83 


42.76 


95 


96 


86.28 


42.08 


86.10 


42.46 


85.91 


42.83 


85.73 


43.21 


9^ 


97 


87.18 


42.52 


87.00 


42.90 


86.81 


43.28 


86.62 


43.66 


97 


98 


88.06 


42.96 


87.89 


43.34 


87.70 


43.73 


87.61 


44.11 


98 


99 


88.98 


43.40 


88.79 


43.79 


88.60 


44.17 


88.40 


44.56 


99 


too 

• 

s 


89.88 


43.84 


89.69 


44.23 


89.49 


44.62 


89.30 


45.01 


100 


Dafi. 


Lat. 


Dep. 


Liat 


Dep. 


Lat. 


Dep. 1 Lat. 


• 

s 

1 


64Deg. 


63iDi|r* 


63iDa(. 


OSi-Dvf. 



56 



TRAVEKSE TABUE. 



Distance. 


«7D^. 


27*Deff. 


27iDee:. 


mr>eg. 


q 


















• 

• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.69 


0.45 


0.89 


0.46 


0.89 


0.46 


0.88 


0.47 


1 


2 


1.78 


0.91 


1.78 


0.92 


1.77 


0.92 


1.77 


0.93 


2 


3 


2-67 


1.36 


2.67 


1.37 


2.66 


1.39 


2.65 


1.40 


3 


4 


3.56 


1.82 


3.56 


1.83 


3.55 


1.85 


3.54 


1.80 


4 


5 


4.45 


2.27 


4.45 


2.29 


4.44 


2.31 


4.42 


2.33 


5 


6 


5.35 


2.72 


5.33 


2.75 


6.32 


2.77 


5.31 


2.79 


6 


7 


6.24 


3.18 


6.22 


3.21 


6.21 


3.23 


6.19 


3.26 


7 


8 


7.13 


3.63 


7.11 


3.66 


7.10 


3.69 


7.08 


3.72 


8 


9 


8.02 


4.09 


8.00 


4.12 


7.98 


4.16 


7.96 


4.19 


9 


10 


8.91 


4.54 


8.89 


4.58 


8.87 


4.62 


8.85 


4.66 


10 


11 


9.80 


4.99 


9.78 


5.04 


9.76 


6.08 


9.73 


6.12 


11 


12 


10.69 


5.45 


10.67 


5.49 


10.64 


5.64 


10.62 


6.59 


12 


13 


11.58 


5.90 


11.56 


5.95 


11.53 


6.00 


11.50 


6.05 


13 


14 


12.47 


6.36 


12.45 


6.41 


12.42 


6.46 


12.39 


6.52 


14 


15 


13.37 


6.81 


13.34 


6.87 


13.31 


6.93 


13.27 


6.98 


15 


16 


14.26 


7.26 


14.22 


7.33 


14.1^ 


7.89 


14.16 


7.45 


16 


17 


15.15 


7.72 


15.11 


7.78 


15.08 


7.85 


15.04 


7.92 


17 


18 


16.04 


8.17 


16.00 


8.24 


16.97 


8.31 


15.93 


8.38 


18 


19 


16.93 


8.63 


16.89 


8.70 


16.85 


8.77 


16.81 


8.85 


19 


20 


17.82 


9.08 


17.78 


9.16 


17.74 


9.23 


17.70 


9.31 


20 


21 


18.71 


9.53 


18.67 


9.62 


18.63 


9.70 


18.58 


9.78 


21 


22 


19.60 


9.99 


19.56 


10.07 


19.51 


10.16 


19.47 


10.24 


22 


23 


20.49 


10.44 


20.45 


10.53 


20.40 


10.62 


20.35 


10.71 


23 


24 


21.38 


10.90 


21.34 


10.99 


21.29 


11.08 


21.24 


11.17 


24 


25 


22.28 


11.35 


22.23 


11.45 


22.18 


11.54 


22.12 


11.64 


25 


26 


23.17 


11.80 


23.11 


11.90 


23.06 


12.01 


23.01 


12.11 


26 


27 


2<1.06 


12.26 


24.00 


12.36 


23.95 


12.47 


23.89 


12.57 


27 


28 


24.95 


12.71 


24.89 


12.82 


24.84 


12.93 


24.78 


13.04 


28 


29 


25.84 


13.17 


25.78 


13.28 


25.72 


13.39 


25.66 


13.50 


29 


30 


26.73 


13.62 


26.67 


13.74 


26.61 


13.85 


26.55 


13.97 


30 


31 


27.62 


14.07 


27.56 


14.19 


27.50 


14.31 


27.43 


14.43 


31 


32 


28.51 


14.53 


28.45 


14.65 


28.38 


14.78 


28.32 


14.90 


32 


33 


29.40 


14.98 


29.34 


15.11 


29.27 


15.24 


29.20 


15.37 


33 


34 


30.29 


15.44 


30.23 


15.67 


30.16 


15.70 


30.09 


15.83 


34 


35 


31.19 


15.89 


31.12 


16.03 


31.05 


16.16 


30.97 


16.30 


35 


36 


32.08 


16.34 


32.00 


16.48 


31.93 


16.62 


31.86 


16.76 


36 


37 


32.97 


16.80 


32.89 


16.94 


32.82 


17.08 


32.74 


17.23 


37 


38 


33.86 


17.26 


33.78 


17.40 


33.71 


17.55 


33.63 


17.69 


38 


39 


34.75 


17.71 


34.67 


17.86 


34.59 


18.01 


34.51 


18.16 


39 


40 


35.64 


18.16 


35.56 


18.31 


35.48 


18.47 


35.40 


18.62 


40 
41 


41 


36.53 


18.61 


36.45 


18.77 


36.37 


18.93 


36.28 


19.09 


42 


37.42 


19.07 


37.34 


19.23 


37.25 


19.39 


37.17 


19.56 


42 


43 


38.31 


19.52 


38.23 


19.69 


38.14 


19.86 


38.05. 


20.02 


43 


44 


39.20 


19.98 


39.12 


20.15 


39.03 


20.32 


38.94 


20.49 


44 


45 


40.10 


20.43 


40.01 


20.60 


39.92 


20.78 


39.82 


20.95 


45 


46 


40.99 


20.88 


40.89 


21.06 


40.80 


21.24 


40.71 


21.42 


46 


47 


41.88 


21.34 


41.78 


21.52 


41.69 


21.70 


41.59 


21.88 


47 


48 


42.77 


21.79 


42.67 


21.98 


42.58 


22.16 


42.48 


22.35 


48 


49 


43.66 


22.25 


43.56 


22.44 


43.46 


22.63 


43.36 


22.82 


49 


50 


44.55 


22.70 


44.45 


22.89 


44.35 


23.09 


44.25 


23.28 


50 


• 

8 

g 



s 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


• 

8 


6SI 


>•?• 


62iDef. 


62iDeg. 


m 


De|^. 



TRAVCRSl: TABLE. 



5^ 





8 

• 


S7D€f. 


274 Deg, 


37iDef, 


«7^^^. 


8 




Lat: 


Dep. 


LaU 


Dep. 


LaU 


Dep. 


Lat. 


Dep. 




51 


45.44 


23.15 


45.34 


23.36 


45.24 


23.55 


45.13 


23.75 


51 




53 


46.33 


23.61 


46.23 


33.81 


46.12 


24.01 


46.02 


34.21 


53 




53 


47.22 


24.06 


47.12 


24.27 


47.01 


34.47 


46.90 


24.68 


53 




54 


48.11 


34.53 


48.01 


24.73 


47.90 


24.93 


47.79 


25.14 


54 




55 


49.01 


34.97 


46.90 


25.18 


48.79 


25.40 


48.67 


25.61 


65 




56 


49.90 


35.42 


49.76 


25.64 


49.67 


25.86 


49.56 


36.07 


56 




57 


50.13 


35.86 


50.67 


26.10 


50.56 


36.32 


50.44 


36.54 


57 




58 


51.68 


36.33 


51.56 


36.56 


51.45 


36.78 


51.33 


37.01 


58 




59 


52.57 


36.T9 


53.45 


37.01 


52.33 


27.34 


52.21 


37.47 


59 




60 


53.46 


37.34 


53.34 


37.47 


53.23 


27.70 


53.10 


37.94 


60 




61 


54.35 


37.69 


54.33 


37.93 


54.11 


28.17 


53.98 


38.40 


61 




6« 


55.34 


38.15 


55.13 


38.39 


54.99 


28.63 


54.87 


38.87 


.02 




63 


56.13 


28.60 


56.91 


38.85 


55.88 


29.09 
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20.67 


32.98 


20.81 


32.89 


20.95 


32.80 


21.10 


38 


40 


33.92 


31.20 


33.83 


21.34 


33.74 


21.49 


33.64 


21.64 


40 


41 


34.77 


21.73 


34.67 


21.88 


34.58 


22.03 


34.48 


22.18 


41 


42 


35.62 


22.26 


35.52 


22.41 


35.42 


22.57 


35.32 


22.72 


42 


43 


36.47 


22.79 


36.37 


22.95 


36.27 


23.10 


36.16 


23.26 


43 


44 


37.31 


23.32 


37.21 


23.48 


37.11 


23.64 


37.01 


23.80 


44 


45 


38.16 


23.85 


38.06 


24.01 


37.95 


24.18 


37.85 


24.34 


AS 


46 


39.01 


24.38 


38.90 


24.55 


38.80 


24.72 
25.25 


38.69 


24.88 


46 


47 


39.86 


24.91 


39.75 


25.08 


39.64 


39.53 


25.43 


47 


48 


40.71 


25.44 


40.59 


25.61 


40.48 


25.79 


40.37 


25.97 


48 


49 


41.55 


25.97 


41.44 


26.15 


41.33 


26.33 


41.21 


26.51 


49 


50 


42.40 


26.50 


42.29 


26.68 


42.17 


26.86 


42.05 


27.05 
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i 
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Dep. 1 Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


61 


43.25 


27.03 


43.13 


27.21 


43.01 


27.40 


42.89 


27.59 


61 


52 


44.10 


27.56 


43.98 


27.75 


43.86 


27.94 


43.73 


28.13 


62 


53 


44.95 


28.09 


44.82 


28.28 


44.70 


28.48 


44.58 


28.67 


63 


54 


45.79 


28.62 


45.67 


28.82 


45.54 


29.01 


45.42 


29.21 


64 


55 


46.64 


29.15 


46.51 


29.35 


46.39 


29.55 


46.26 


29.75 


65 


56 


47.49 


29.68 


47.36 


29.88 


47.23 


30.09 


47.10 


30.29 


56 


57 


48.34 


30.21 


48.21 


30.42 


48.07 


30.63 


47.94 


30.84 


57 


58 


49.19 


30.74 


49.05 


30.95 


48.92 


31.16 


48.78 


31.38 


68 


^ 


50.03 


31.27 


49.90 


31.48 


49.76 


31.70 


49.62 


31.92 


69 


60 


50.88 


31.80 


50.74 


32.02 


50.60 


32.24 


50.46 


32.46 


60 


61 


51.73 


32.33 


51.59 


32.55 


51.45 


32.78 


51.30 


33.00 


61 


62 


52.58 


32.85 


52.44 


33.08 


52.29 


33.31 


52.14 


33.54 


62 


63 


53.43 


33.38 


53.28 


33.62 


53.13 


33.85 


52.99 


34.08 


63 


64 


54.28 


33.91 


54.13 


34.15 


53.98 


34.38 


53.83 


34.62 


64 


65 


55.12 


34.44 


54.97 


34.68 


54.82 


34.92 


54.67 


35.16 


65 


66 


55.97 


34.97 


55.82 


35.22 


55.66 


35.46 


55.51 


35.70 


66 


67 


56.82 


35.50 


66.66 


35.75 


56.51 


36.00 


56.35 


36.25 


67 


68 


57.67 


36.03 


57.51 


36.29 


57.35 


36.54 


57.19 


36.79 


68 


69 


58.52 


36.56 


58.36 


36.82 


58.19 


37.07 


58.03 


37.33 


69 


70 

71 


59.36 


37.09 


59.20 


37.35 


59.04 


37.61 


58.87 


37.87 


70 


60.21 


37.62 


60.05 


37.89 


59.88 


38.15 


59.71 


38.41 


71 


72 


61.06 


38.15 


60.89 


38.42 


60.72 


38.69 


60.55 


38.95 


72 


73 


61.91 


38.68 


61.74 


38.95 


61.57 


39.22 


61.40 


39.49 


73 


74 


62.76 


39.21 


62.58 


39.49 


62.41 


39.76 


62.24 


40.03 


74 


75 


63.60 


39.74 


63.43 


40.02 


63.25 


40.30 


63.08 


40.57 


75 


76 


64.45 
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64.28 


40.55 


64.10 


40.83 
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76 


77 
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77 


78 
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65.78 
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78 


79 


67.00 
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66.81 


42.16 


66.63 


42.45 


66.44 
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79 


80 


67.84 
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67.66 


42.69 


67.47 
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67.28 


43.28 


80 


81 


68.68 


42.92 


68.50 


43.22 


68.31 


43.52 


68.12 


43.82 


81 


82 


69.54 


43.45 


69.35 


43.76 


69.16 


44.06 


68.97 


44.36 


82 


83 


♦70.39 


43.98 


70.20 


44.29 


70.00 


44.60 


69.81 


44.90 


83 


84 


71.24 


44.51 


71.04 


44.82 


70.84 


45.13 


70.65 


45.44 


84 


85 


72.08 


45.04 


71.89 


45.36 


71.69 


45.67 


71.49 


45.98 


85 


86 
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45.57 


72.73 


45.89 


72.53 


46.21 
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46.52 


86 


87 
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46.10 
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73.17 
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87 


88 
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88 


89 
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90 
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75.91 
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92 
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93 
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49.28 
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93 


94 
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94 


95 
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80.34 


50.69 
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51.04 
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95 


96 
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51.58 
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^ 


97 
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51.40 


82.04 


51.76 


81.81 
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81.58 
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98 


83.11 
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98 


99 
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0.84 


0.54 
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0.55 


0.83 


0.55 


0.83 


0.56 


1 


2 


1.68 


1.09 


1.67 


1.10 


1.67 


1.10 


1.66 


1.11 


2 


3 


2.52 


1.63 


2.51 


1.64 


2.50 


1.66 


2.49 


1.67 


3 


4 


3.35 


2.18 


3.35 


2.19 


3.34 


2.21 


3.33 


2.22 


4 


5 


4.19 


2.72 


4.18 


2.74 


4.17 


2.76 


4.16 


2.78 


5 


6 


5.03 


3.27 


5.02 


3.29 


5.00 


3.31 


4.99 


3.33 


6 


7 


5.87 


3.81 


5.85 


3.84 


5.84 


3.86 


5.82 


3.89 


7 


8 


6.71 


4.36 


6.69 


4.39 


6.67 


4.42 


6.65 


4.44 


fi 


9 


7.55 


4.90 


7.53 


4.93 


7.50 


4.97 


7.48 


5.00 


9 


10 


8.39 


5.45 


8.36 


5.48 


8.34 


5.52 


8.31 


5.56 


10 


11 


9.23 


5.99 


9.20 


6.03 


9.17 


6.07 


9.15 


6.11 


11 


1« 


10.06 


6.54 


10.04 


6.58 


10.01 


6.62 


9.98 


6.67 


12 


13 


10.90 


7.08 


10.87 


7.13 


10.84 


7.18 


lO.OT 


7.22 


13 


14 


11.74 


7.62 


11.71 


7.68 


11.67 


7.73 


11.64 


7.78 


14 


16 


12.58 


8.17 


12.54 


8.22 


12.51 


8.28 


12.47 


8.33 


15 


16 


13.42 


8.71 


13.38 


8.77 


13.34 


8.83 


13.30 


8.89 


16 


17 


14.26 


9.26 


14.22 


9.32 


14.18 


9.38 


14.13 


9.44 


17 


18 


15.10 


9.80 


15.05 


9.87 


15.01 


9.93 


14.97 


10.00 


18 


19 


15.93 


10.35 


15.89 


10.42 


15.84 


10.49 


15.80 


10.56 


19 


20 


16.77 


10.89 


16.73 


10.97 


16.68 


11.04 


19.63 


11.11 


20 


21 


17.61 


11.44 


17.56 


11.51 


17.51 


11.59 


17.46 


11.67 


21 


22 


18.45 


11.98 


18.40 


12.06 


18.35 


12.14 


18.29 


12.22 


22 


23 


19.29 


12.53 


19.23 


12.61 


19.18 


12.69 


19.12 


12.78 


23 


24 


20.13 


13,07 


20.07 


13.16 


20.01 


13.25 


19.96 


13.33 


24 


25 


20.97 


13.62 


20.91 


13.71 


20.85 


13.80 


20.79 


13.89 


25 


26 


21.81 


14.16 


21.74 


14.26 


21.68 


14.35 


21.62 


14.44 


26 


27 


22.64 


14.71 


22.58 


14.80 


22.51 


14.90 


22.45 


15.00 


27 


28 


23.48 


15.25 


23.42 


15.35 


23.35 


15.45 


23.28 


15.56 


28 


29 


24.32 


15.79 


24.25 


15. <H) 


24.18 


16.01 


24.11 


16.11 


29 


30 


25.16 


16.34 


25.09 


16.45 


25.02 


16.56 

V 


24.94 


16.67 


30 


31 


26.00 


16.88 


25.92 


17.00 


25.85 


17.11 


25.78 


17.22 


31 


32 


26.84 


17.43 


26.76 


17.55 


'26.68 


17.66 


26.61 


17.78 


32 


33 


27.68 


17.97 


27.60 


18.09 


27.52 


18.21 


27.44 


18.33 


,T3 


34 


28.51 


18.52 


28.43 


18.64 


28.35 


18.77 


28.27 


18.89 


34 


35 


29.35 


19.06 


29.27 


19.19 


29.19 


19.32 


29.10 


19.44 


as 


36 


30.19 


19.61 


30.11 


19.74 


30.02 


19.87 


29.93 


20.00 


36 


37 


31.03 


20.15 


30.94 


20.29 


30.85 


20.42 


30.76 


20.56 


37 


38 


31.87 


20.70 


31.78 


20.84 


31.69 


20.97 


31.60 


21.11 


38 


39 


32.71 


21.24 


32.62 


21.38 


32.52 


21.53 


32.43 


21.67 


39 


40 


33.55 


21.79 


33.45 


21.93 


33.36 


22.08 


33.26 


22.22 


40 


41 


34.39 


22.33 


34.29 


22.48 


34.19 


22.63 


34.09 


22.78 


41 


42 


35.22 


22.87 


35.12 


23.03 


35.02 


23.18 


34.92 


23.33 


42 


43 


36.06 


23.42 


35.96 


23.58 


35.86 


23.73 


35.75 


23.89 


43 


44 


36.90 


23.96 


3a.80 


24.12 


36.69 


24.29 


36.58 


24.45 


44 


45 


37.74 


24.51 


37.63 


24.67 


37.52 


24.84 


37.42 


25.00 


45 


46 


38.58 


25.05 


38.47 


25.22 


38.36 


25.39 


38.25 


25.56 


46 


47 


39.42 


25.60 


39.31 


25.77 


39.19 


25.94 


39.08 


26.11 


47 


48 


40.26 


26.14 


40.14 


26.32 


40.03 


26.49 


39.91 


26.67 


48 


49 


41.09 


26.69 


40.98 


26.87 


40.86 


27.04 


40.74 


27.22 


49 


50 


41.93 
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41.81 


27.41 


41.69 
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• 


33Degr. 
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33i Di|f. 


33i Deg. 




• 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


51 


42.77 


27.78 


42.65 


27.96 


42.53 


28.15 


42.40 


28.33 


51 


52 


43.61 


28.32 


43.49 


28.51 


43.36 


28.70 


43.24 


28.89 


52 


BSi 


44.45 


28.87 


44.32 


29.06 


44.20 


29.25 


44.07 


29.45 


53 


54 


45.29 


29.41 


45.16 


29.61 


45.03 


29.80 


44.90 


30.00 


54 


55 


46.13 


29.96 


46.00 


30.16 


45.86 


30.36 


45.73 


30.56 


55 


56 


46.97 


30.50 


46.83 


30.70 


46.70 


30.91 


46.56 


31.11 


56 


57 


47.80 


31.04 


47.67 


31.25 


47.53 


31.46 


47.39 


31.67 


57 


58 


48.64 


31.59 


48.50 


31.80 


48.37 


32.01 


48.23 


32.22 


58 


59 


49.48 


32.13 


49.34 


32.35 


49.20 


32.56 


49.06 


32.78 


59 


(M) 


50.32 


32.68 


50.18 


32.90 


50.03 

* 


33.12 


49.89 


'33.33 


60 


61 


51.16 


33.22 


51.01 


33.45 


50.87 


33.67 


50.72 


33.89 


61 


62 


52.00 


33.77 


51.85 


33.99 


51.70 


34.22 


51.55 


34.45 


62 


^l 


52.84 


34.31 


52.69 


34.54 


52.53 


34.77 


52.38 


35.00 


63 


64 


53.67 


34.86 


53.52 


35.09 


53.37 


35.32 


63.21 


35.56 


64 


65 


54.51 


35.40 


54.36 


35.64 


54.20 


35.88 


54.05 


36.11 


65 


66 


55.35 


35.95 


55.19 


36.19 


55.04 


36.43 


54.88 


36.67 


66 


67 


56.19 


36.49 


56.03 


36.74 


55.87 


36.98 


55.71 
W.54 


37.22 


67 


68 


57.03 


37.04 


56.87 


37.28 


56.70 


37.53 


37.78 


68 


69 


57.87 


37.58 


57.70 


37.83 


57.54 


38.08 


57.37 


38.33 


69 


70 


58.71 


38.12 


58.54 


38.38 


58.37 


38.64 


58.20 


38.89 


70 


71 


59.55 


38.67 


59.38 


38.93 


59.21 


39.19 


59.03 


39.45 


71 


72 


60.38 


39.21 


60.21 


39.48 


60.04 


39.74 


69.87 


'40.00 


72 


73 


61.22 


39.76 


61.05 


40.03 


60.87 


40.29 


60.70 


40.56 


73 


74 


62.06 


40.30 


61.89 


40.57 


61.71 


40.84 


61.53 


41.11 


74 


75 


62.90 


40.85 


62.72 


41.12 


62.54 


41.40 


62.36 


41.67 


75 


76 


63.74 


41.39 


63.56 


41.67 


63.38 


41.95 


63.19 


42.22 


76 


77 


64.58 


41.94 


64.39 


42.22 


64.21 


42.50 


64.02 


42.78 


77 


78 


65.42 


42.48 


65.23 


42.77 


65.04 


43.05 


64.85 


43.33 


78 


79 


66.25 


43.03 


66.07 


43.32 


65.88 


43.60 


65.69 


43.89 


79 


80 


67.09 


43.57 


66.90 


43.86 


66.71 


44.15 


66.52 


44.45 
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81 


81 
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67.74 


44.41 


67.54 


44.71 


67.35 


45.00 


82 


68.77 


44.66 


68.58 


44.96* 


68.38 


45.26 


68.18 


45.56 


82 


8» 


69.61 


45.20 


69.41 


45.51 


69.21 


45.81 


69.01 
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83 


84 


70.45 


45.75 
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46.06 


70.05 


46.36 


69.84 


46.67 
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m 


71.29 


46.29 


71.08 
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70.88 
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70.67 
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85 


86 
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46.84 


71.92 


47.15 


71.71 


47.47 


71.51 


47.78 


86 


87 
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72.55 
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89 
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92 
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93 
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93 


94 
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94 


95 
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96 


97 
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97 


98 
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11.90 


9.13 


11.86 


9.18 


15 




IG 


12.78 


9.63 


12.74 


9^.68 


12.69 


9.74 


12.65 


9.80 


16 




17 


13.58 


10.23 


13.53 


10.29 


13.49 


10.35 


13.44 


18.41 


17 




la 


14.38 


10.83 


14.33 


10.90 


14.28 


10.96 


14.23 


11.02 


18 




19 


15.17 


11.43 


15.12 


11.50 


15.4)7 


11.57 


15.02 


11.63 


19 




90 


15.97 


12.04 


15.92 


12.11 


15.87 


12.18 


15.81 


12.24 


20 




«1 16.77 


12.64 


16.72 


12.71 


16.66 


12.78 


16.60 


ld.86 


21 




22 


17.57 


13.24 


17.51 


13.32 


17.45 


13.39 


17.40 


13*47 


22 




23 


18.37 


13.84 


18.31 


13.92 


18.25 


14.00 


18.19 


14.06 


23 




24 


19.17 


14.44 


19.10 


14.53 


19.04 


14.61 


18.98 


14.60 


24 




25 


19 97 


15.05 


19.90 


15.13 


19.83 


15.22 


19.77 


15.31 


25 




26 


20.76 


15.65 


20.70 


15.74 


20.63 


15.83 


20.56 


15.92 


26 




27 


21.56 


16.25 


21.49 


16.34 


21.42 


16.44 


21.36 


16.53 


27 




28 


22.36 


16.86 


'22.29 


16.95 


22.21 


17.05 


22.14 


17.14 


28 




29 


23.16 


17.45 


23.08 


17.55 


23.01 


17.65 


22.93 


17.75 


29 




30 


23.96 


18.06 


23.88 


18.16 


23.80 


18.26 


23.72 


18.37 


30 




31 


24.76 


18.66 


24.68 


18.76 


24.59 


18.87. 


24.51 


18.98 


31 




32 


25.56 


19.26 


25.47 


19.37 


25.39 


19.48 


25.30 


19.59 


32 




3ti 


26.35 


19.86 


26.27 


19.97 


26. T8 


20.09 


26.09 


20.20 


33 




34 


27.15 


20.46 


27.06 


20.58 


26.97 


20.70 


26.88 


20.88 


91 




36 


27.95 


21.06 


27.86 


21.19 


27.77 


21.31 


27.67 


21.43 


35 




36 


28.75 


21.67 


28.66 


21.79 


28.56 


21.92 


28.46 


22.04 


36 




37 


29.55 


22.27 


29.46 


22.40 


29.95 


22.52 


29.26 


JS3.66 


37 




ii» 


30.35 


22.87 


30.25 


23.00 


30.15 


23.13 


30.05 


23.26 


38 




39 


31.15 


23.47 


31.04 


23.61 


30.94 


23.74 


98.84 


23.88 


38 




40 


31.95 


IU.07 


31.84 


24.21 


^1.73 


24.35 


31.68 


24.49 


40 




41 


32.74 


24.67 


32.64 


M.88 


».53 


24.96 


33.42 


25.10 


41- 




42 


33.54 


25.28 


33.43 


25.42 


33.32 


25.57 


33.21 


25.71 


42 




43 


34.34 


25.88 


34.23 


26.03 


34.11 


26.18 


34.00 


28.33 


43 




44 


35.14 


26.48 


35.02 


26.63 


34.91 


26.79 


34.79 


26.94 


44 




45 


35.94 


27.08 


35.82 


27.24 


35.70 


27.39 


35.58 


27.55 


45 




46 


36.74 


27.68 


36.62 


27.84 


36.49 


28.00 


36.37 


28.16 


46 




47 


37.54 


28.29 


37.41 


28.45 


37.29 


28.61 


37.16 


28.77 


47 




48 


38.33 


28.89 


38.21 


29.05 


38.08 


29.22 


37.95 


29.39 


48 




49 


39.13 


29.49 
30.09 


39.00 


29.66 


38.87. 


29.83 


38.74 


30.00 


49 




50 


39.93 


39.80 


30.26 


39.67 


30.44 


39.53 


30.61 


50 




• 

s 

b 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat. 


• 

• 

1 




63 Dag. 


BStiDtg. 


Ml 


Deg;. 


52^ Deg. 
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i 

• 

51 


37 Dag. 


1 371 Day. 


1 371 Dag. 


■ 
37} Deg . 




S 

• 




Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. Dep. 




40.73 


30.69 


40.^ 


30.87 


40.46 


31.05 


■ 
40.33 


31.22 


51 


, 


S2 


41.53 


31.29 


41.39 


31.48 


41.25 


31.66 


41.12 


31.04 


62 




53 


42.33 


31.90 


42.19 


32.08 


42.05 


32.26 


41.91 


32.45 


53 




54 


43.13 


32.50 


42.98 


32.09 


42.84 


32.87 


42.70 


33.06 


54 




55 


43.92 


33.10 


43.78 


33.29 


43.63 


33.48 


43.49 


33.67 


65 




56 


44.72 


33.70 


44.58 


33.90 


44.43 


34.09 


44.28 


34.28 


66 


■ 


67 


45.52 


34.30 


45.37 


34.50 


45.22 


34.70 


45.07 


34.90 


57 




58 


46.32 


34.91 


46.1? 


35.11 


46.01 


35.31 


45.86 


35.51 


68 




59 


47.12 


35.51 


46.96 


35.71 


46.81 


35.92 


46.65 


36.12 


59 




60 


47.92 


36.11 


47.76 


36.32 


47.00 


36.53 


47.44 


36.73 


60 




61 


48.72 


36.71 


48.56 


36.92 


48.39 


37.13 


48.23 


37.36 


61 


■ 


62 


49.52 


37.31 


1 49.35 


37.53 


49.19 


37.74 


49.02 


37.96 


62 




63 


50.31 


37.91 


i 50.15 


38.13 


49.98 


38.35 


49.81 


38.57 


63 




64 


51.11 


38.52 


) 50.94 


38.74 


1 56.77 


38.96 


50.60 


39.18 


64 


' 


65 


51.91 


39.12 


51.74 


39.34 


1 51.57 


39.57 


51.39 


39.79 


65 




66 


52.71 


39.72 


52.54 


39.95 


52.36 


40.18 


52.19 


40.41 


66 




67 


53.51 


40.32 


53.33 


40.55 


53.15 


40.79 


62.98 


41.02 


67 




68 


54.31 


40.92 


54.13 


41.16 


53.95 


41.40 


53.77 


41.63 


68 




69 


55.11 


41.53 


54.92 


41.77 


54.74 


42.00 


54.56 


42.24 


69 




70 


55.90 


42.13 


55.72 


42.37 


55.53 


42.61 


55.35 


42.86 


70 




71 


56.70 


42.73 


56.52 


42.98 


56.33 


43.22 


56.14 


43.47 


71 




72 


57.50 


43.33 


57.31 


43.68 


57.12 


43.83 


56.93 


44.08 


72 




73 


58.80 


43.93 


58.11 


44.19 


57.91 


44.44 


57.72 


44.69 


73 


- 


74 


59.10 


44.53 


58.90 


44.79 


58.71 


45.05 


58.51 


45.30 


74 




75 


59.90 


45.14 


59.70 


45.40 


59.50 


45.66 


59.30 


45.92 


75 




76 


60.70 


45.74 


60.50 


46.00 


60.29 


46.27 


60.09 


46.63 


70 




77 


61.49 


46.34 


61.29 


46.61 


61.09 


46.87 


60.88 


47.14 


77 


' 


78 


62.29 


46.94 


62.09 


47.21 


61.88 


47.48 


61.07 


47.75 


78 




79 


63.09 


47.54 


62.88 


47.82 


62.67 


48.09 


62.46 


48.37 


79 




80 


63.89 


48.15 


63.68 


48.42 


63.47 


48.70 


63.26 


48.98 


80 
81 




81 


64.69 


48.75 


64^8 
6^t27 


49.03 


64.26 


49.31 


64.05 


49.69 




82 


65.49 


49.35 


49.03 


65.05 


49.02 


64.84 


50.20 


82 




83 


66.29 


49.95 


66.07 


50.24 


65.85 


50.53 


65.63 


60.81 


83 




84 


67.09 


50.55 


66.86 


50.84 


66.04 


51.14 


66.42 


51.43 


84 




85 


67.88 


51.15 


67.^ 


51.45 


67.43 


51.74 


67.21 


52.04 


85 




86 


68.68 


61.76 


68.46 


52.06 


68.23 


52.35 


68.00 


52.65 


86 




87 


69.48 


52.36 


S9,iS 


62.06 


69102 


52.96 


68.79 


53.26 


87 




88 


70.28 


52.96 


70.05 


53.27 


69.82 


53.57 


69.58 


53.88 


88 




89 


71.08 


53.56 


70.84 


53.87 


70.61 


54.18 


70.37 


64.49 


89 




90 


71.88 


54.16 


71.64 


54.48 


71.40 


54.79 


71.10 


55.10 


90 




91 


72.68 


64.77 


72.44 


55.08 


72.20 


55.40 


71.95 


55.71 


91 




92 


73.47 


55.37 


73.23 


55.09 


72.99 


56.01 


72.74 


66.32 


92 




93 


74.27 


55.97 


74.03 


56.29 


73.78 


56.61 


73.58 


56.94 


93 




1 94 


75.07 


56.57 


74.82 


56.90 


74.58 


57.22 


74.32 


57.55 


94 




B95 


75.87 


57.17 


75.62 


57.50 


75.37 


57.83 


75.12 


58.16 


95 




l96 


76.67 


57.77 


76.42 


58.11 


76.16 


58.44 


75.91 


68.77 


90 




I97 


77.47 


58.38 


77.21 


58.71 


76.96 


59.05 


76.70 


59.39 


97 




1 ^ 


78.27 


58.98 


78.01 


59.32 


77.75 


59.66 


77.49 


60.00 


98 




99 


79.66 


59.58 


78.80 


59.92 


78.54 


60.27 


78.28 


60.61 


99 




100 


79.86 


60.18 


79.60 


60.53 


79.34 


60.88 


79.07 


61.22 


100 

■ 

• 

c 
ft 

*^ 
t 

Q 




.a 


Dep. 


Lat. 


Dep. Lat. 


Dep. 


Lat. 


Dep. 1 


Lat. 




63 Dflg^. 


621 Daf. 

N 


1 
52i Der- 


52} Deg. 





25* 



w 



TKAVEKm TiUtlJL 



1 Distance. 


3aD«r. 


SaiDef. 


===== 
38iD€f. 


*38i Deg. 


3 

1 




I^aL 


Dep«- 


Lat. 


Dep. 


LaL 


Dep. 


Lat. 


Dep. 




1 


0.79 


0.62 


0.79 


0.62 


0.78 


.0.62 


0.78 


0.63 




2 


1.58 


1.23 


1.57 


1.24 


1.57 


1.24 


1.5» 


1.25 


2 




3 


2.36 


1.85 


2.36 


1.86 


2.35 


1.87 


2.34 


1.88 


3 




4 


3.15 


2.46 


3.14 


2.48 


3. 13 


2.49 


3.12 


2.50 


4 




6 


3.94 


3.08 


3.93 


3.10 


•3.91 


3.11 


3.90 


3.13 


5 




6 


4.73 


$.69 


4.71 


3.71 


' 4.70 


3.74 


4.68 


3.76 


6 




7 


6.52 


4.31 


S.S^ 


4.33 


5.48 


4.36 


5.46 


4.38 


7 




8 


(^.30 


4.93 


6.28 


4.95 


6.26 


4.98 


6.24 


5.01 


8 




9 


7.09 


6.54 


7.07 


5.57 


7.04 


5.60 


7.02 


5.63 


9 




10 


7.88 


6.16 


7.86 


6.19 


7.83 


6.23 


7.80 


6.26 


10 




11 


0.67 


6.77 


8.64 


6.81 


8.61 


6.85 


8.58 


6.86 


11 




12 


9.4$ 


7.39 


9.42 


7.43 


9.39 


7.47 


9.36 


7.51 


12 




13 


10.24 


8.00 


10.21 


8.05 


10.17 


8.09 


10.14 


8.14 


13 




14 


11.03 


8.62 


10.99 


8.67 


10.96 


8.72 


10.92 


8.76 


14 




15 


11.82 


9.23 


11.78 


9.29 


11.74 


9.34 


11.70 


9.39 


15 




16 


12.61 


9.85 


12.57 


9.91 


12.52 


9.96 


12.48 


10.01 


16 




17 


13.40 


10.47 


13.35 


H).52 


13.30 


10.58 


13.26 


10.64 


17 




18 


14.18 


11.08 


14.14 


11.14 


14.00 


11.21 


14.04 


11.27 


18 




19 


14.97 


11.70 


14.92 


11.76 


14.87 


11.83 


14.82 


11.89 


19 




.20 


15.76 


12.31 


15.71 


12.38 


15.65 


12.45 


15.60 


12.52 


«| 


21 


16.55 


12.93 


16.49 


13.00 


16.43 


13.07 


16.98 


13.14 


21 




22 


17,34 


13.54 


17.28 


13.62 


17.22 


13.70 


17.16 


13.77 


22 




23 


18.12 


.14.16 


18.06 


14.24 


18.00 


14.32 


17.94 


14.40 


23 




24 


18.91 


14.78 


18.85 


14.86 


18.78 


14.94 


18.72 


15.02 


24 




25 


19.70 


15.39 


19.63 


15.48 


19.57 


15.56 


19.50 


15.65 


25 






20.49 


16.01 


20.42 


16.10 


20.35 


16.19 


20.28 


18.27 


26 




27 


21.28 


16.62 


21.26 


16.72 


21.13 


16.81 


21.06 


16.90 


27 




28 


22.0b 


17.24 


21.99 


17.33 


21.91 


17.43 


21.84 


17.58 


281 


29 


22.85 


17.85 


22.77 


17.95 


22.70 


18.05 


22.62 


18.15 


29 1 


30 


23.64 


18.47 


23.56 


18.57 


23.48 


18.66 


23.40 


18.78 


30 


I 


31 


24.43 


19.09 


24.34 


19.19 


24.26 


19.30 


24.18 


19.40 


31 


1 


32 


25.22 


19.70 


25.13 


19.81 


25.04 


19.92 


24.96 


20.03 


32 


33 


26.00 


20.32 


25.9^ 


20.43 


25.83 


20.54 


25.74 


20.66 


33 


34 


26.79 


20.93 


26.70 


21.05 


26.61 


21.17 


26.52 


21.28 


34 


35 


27.58 


21.55 


27.49 


21.67 


27.39 


21.79 


27.30 


21.01 


35 


36 


28.37 


22.16 


28.27 


22.29 


28.17 


22.41 


28.08 


22.53 


36 


37 


29.16 


22.78 


29.06 


22.91 


28.96 


23.03 


28.86 


23.16 


37 


38 


29.94 


23.40 


29.84 


23.53 


29.74 


23.66 


29.64 


23.79 


38 




39 


30.73 


24.01 


30.63 


24.14 


30.52 


24.28 


30.42 


24.41 


39 


, 


40 


31.52 


24.63 


31.41 


24.76 


31.30 


24.90 


31.20 


25.04 


40 


. 


41 


32.31 


25.24 


32.20 


25.38 


32.09 


25.52 


31.98 


25.66 


41 




42 


33.10 


25.86 


32.98 


26.00 


32.87 


26.15 


32.76 


26.20 


42 1 


43 


33.88 


26.47 


33.77 


26.63 


33.65 


26.77 


33.53 


26.91 


43 1 


44 


34.67 


27.09 


34.55 


27.24 


34.43 


27.39 


34.31 


27.54 


44 1 


45 


35.46 


27.70 


35.34 


27.86 


35.22 


28.01 


35.09 


28.17 


45i 


' 


46 


36.25 


28.32 


36.12 


28.48 


36.00 


28.64 


35.87 


28.79 


46; 




47 


37.04 


28.94 


36.91 


29.10 


38.78 


29.26 


36 65 


29.42 


47 




48 


37.82 


29.55 


37.70 


29.72 


37.57 


29.88 


37.43 


30.04 


48 




49 


38.61 


30.17 


38.48 


30.34 


38.35 


30.50 


38.21 


30.67 


491 




50 


39.40 


30.78 


39.27 


30.95 


39.13 


31.13 


38.99 


31.30 


50 




• 

o 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat. 


Dep. Lat. 


4 




5 




I 








11 


52 De;. 


51| Diff. 


51 J Dear, 


5UDIV. 
f 


-^- 
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1 

s 

• 


saDflf. 


SSiDeff. 


J8iDe|:. 


3^ Deer. 


s 

8 




Lat. 


Dep. 


Lat 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 




51 


40.19 


31.40 


40«05 


31.57 


39L.91 


31415 


39.77 


31.92 


51 




52 


40.98 


32.01 


40.84 


32.19 


40.70 


32.37 


40.55 


32.55 


62 




53 


41.76 


32.«3 


41.62 


32.81 


41.48 


32.99 


41.33 


33.17 


53 




55 


42.55 


33.25 


42.41 


33.43 


42.26 


33)62 


42.11 


33.80 


64 




43.34 


33.86 


43.19 


34.05 


43.04 


34.24 


4^.89 


34.43 


55 




56 


44.13 


34.48 


43.98 


34.67 


43.83 


34.86 


43.67 


35.05 


56 




57 


44.92 
45.70 


35.09 


44.76 


35.29 


44.-61 


35.48 


44.45 


35.68 


67 




58 


55.71 


45.55 


35.91 


45.39 


36.11 


45.23 


36.30 


58 




59 


46.49 


36.32 


46.33 


36.53 


46.17 


36.73 


46.01 


36.93 


59 




60 


47.28 


36.94 


47.12 


37.15 


46.96 


37.35 


46.79 


37.56 


60 




61 


48.07 


37.56 


47.90 


»r.76 


47.74 


37.97 


47-67 


38.18 


61 




62 


48.86 


38.17 


48.69 


38.38 


48.52 


38.60 


48.35 


38.81 


62 




63 


49.64 


38.79 


49.47 


39jOO 


49.30 


39LS2 


49.13 


39.43 


63 




64 


50.43 


39.40 


50.26 


39.42 


50.09 


39.84 


49.91 


40.06 


64 




65 


51.22 


40.02 


51.05 


40.24 


50.87 


40.46 


50.69 


40.68 


65 




66 1 


52.01 ' 


40^3 


51.83 


40.86 


61.65 


41.>09 


61.47 


41.31 


66 




67' 


52.80 


41.25 


52.62 


41.48 


52.43 


41.71 


62.25 


41.94 


67 




68 


53.58 


41.86 


53.40 


42.10 


^.22 


42.33 


63.03 


42.56 


68 




69 


54.37 


42.48 


54.19 


42.72 


64.00 


42.95 


53.81 


43.19 


69 




70 


55.16 


43.10 


S4.97 


43.34 


64.78 


43.68 


64.69 


43.81 


70 




71 


55.95 


43.71 


55.76 


43.96 


55.67 


44.20 


65-87 


44.44 


71 
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19.58 


30 


31 


23.75 


19.93 


23.66 


20.03 


23.57 


20.13 


23.48 


20.24 


31 


32 


24.51 


20.57 


24.42 


20.68 


24.33 


20.78 


24.24 


20.89 


32 


33 


25.28 


21.21 


25.19 


21.32 


25'.09 


21.43 


25.00 


21.54 


33 


34 


26.05 


21.85 


25.95 


21.97 


25.85 


22.08 


25.76 


22.19 


34 


a5 


26.81 


22.50 


26.71 


22.61 


26.61 


22.73 


26.51 


22.85 


35 


36 


27.58 


23.14 


27.48 


23.26 


27.37 


23.38 


27.27 


23.50 


36 


37 


28.34 


23.78 


28.24 


23.91 


28.13 


24.03 


28.03 


24.15 


37 


38 


29.11 


24.43 


29.00 


24.55 


28.90 


24.68 


28.79 


24.80 


38 


39 


29.88 


25.07 


29,77 


25.20 


29.66 


25.33 


29.54 


25.46 


39 


40 


30.64 


25.71 


30.53 


25.84 


30.42 


25.98 


90.30 


28.11 


40 


41 


31.41 


26.35 


31.29 


26.49 


31.18 


26.63 


31.06 


26.76 


41 


42 


32.17 


27.00 


32.06 


27.14 


31.94 


.27.28 


31.82 


27.42 


42 


43 


32.94 


27.64 


32.82 


27.78 


32.70 


27.93 


32.58 


28.07 


43 


44 


33.71 


28.28 


33.58^ 


28.43 


33.46 


28.58 


33.33 


28.72 


44 


45 


34.47 


28.93 


34.35 


29.08 


34.22 


29.23 


34.09 


29.37 


45 


46 


35.24 


29.57 


35.11 


29.72 


34.98 


29.87 


34.85 


30.03 


46 


47 


36.00 


30.21 


35.87 


30.37 


35.74 


30.52 


35.61 


30.68 


47 


48 


36.77 


30.85 


36.64 


31.01 


36.50 


31.17 


36.36 


31.33 


48 


49 


37.54 


31.50 


37.40 


31.66 


37.26 


31.82 


37.12 


31.99 


49 


50 

« 

8 

1 


38.30 


32.14 


38.16 


32.31 


38.02 


32.47 


37.88 


32.64 


50 


Dep* 


Lat. 


Dep. Lat. 


Dep. 


Ut 


Dep. 


Lat 


• 
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491 Dag. 


49iDeg. 
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8 


40D«s« 
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1 


Lat. 


D«p. 


Lat. 


Dep. 


LaL 


Dep. 


Lat. 


Dep. 


s 


61 


39.07 


32.78 


38.92 


32.95 


38.78 


33.12 


38.64 


33.29 


51 


62 


39.83 


33.42 


39.69 


33.60 


39.54 


33.77 


39.39 


33.94 


Si 


63 


40.60 


34.07 


40.45 


34.24 


40.30 


34.42 


40.15 


34.60 


62 


64 


41.37 


34.71 


41.21 


34.89 


41.06 


36.07 


40.91 


35.25 


5A 


65 


42.13 


36.35 


41.98 


35.64 


41.82 


35.72 


41.67 


35.90 


SB 


66 


42.90 


36.00 


42.74 


36.18 


42.58 


36.37 


42.42 


36.65 


56 


67 


43.66 


36.64 


43.60 


36.83 


43.34 


37.02 


43.18 


37.21 


5*3 


68 


44.43 


37.28 


44.27 


37.48 


44.10 


37.67 


43.94 


37.86 


5£ 


69 


45.20 


37.92 


45.03 


38.12 


44.86 


38.32 


44.70 


38.61 


5£ 


60 


46.96 


38.57 


45.79 


38.77 


45.62 


38.97 


45.45 


39.17 


6C 


61 


46.73 


39.21 


46.56 


39.41 


46.38 


39.62 


46.21 


39.82 


61 


62 


47.49 


39.85 


47.32 


40.06 


47.15 


40.27 


46.97 '^ 


40.47 


69 


63 


48.26 


40.60 


48.08 


40.71 


47.91 


40.92 


47.73 


41.12 


6S 


64 


49.03 


41.14 


48.85 


41.36 


48.67 


41.66 


48.48 


41.78 


64 


65 


49.79 


41.78 


49.61 


42.00 


49.43 


42.21 


49.24 


42.43 


62 


66 


60.66 


42.42 


50.37 


42.64 


50.19 


42.86 


50.00 


43.06 


66 


67 


51.32 


43.07 


51.14 


43.29 


60.95 


43.61 


60.76 


43.73 


61 


68 


52.09 


43.71 


61.90 


43.94 


51.71 


44.16 


51.51 


44.39 


6{ 


69 


52.86 


44.35 


52.66 


44.^ 


52.47 


44.81 


52.27 


45.04 


6£ 


70 


53.62 


45.00 


53.43 


45.23 


63.23 


45.46 


53.03 


45.69 


7C 


71 


54.39 


45.64 


64.19 


45.87 


53.99 


46.11 


63.79 


46.35 


71 


72 


55.16 


46.28 


54.95 


46.52 


54.75 


46.76 


54.54 


47.00 


72 


73 


55.92 


46.92 


55.72 


47.17 


56.51 


47.41 


55.30 


47.65 


75 


74 


56.69 


47.67 


56.48 


47. 8K 


66.27 


48.06 


56.06 


48.30 


14 


75 


67.46 


48.21 


67.24 


48.46 


67.08 


48.71 


56.82 


48.96 


It 


76 


58.22 


48.85 


58.01 


49.11 


57.79 


49.36 


57.57 


49.61 


It 


77 


58.99 


49.49 


58.77 


49.75 


58.55 


50.01 


58.33 


50.26 


Ti 


78 


59.75 


60.14 


59.53 


50.40 


59.31 


50.66 


59.09 


60.92 


7t 


79 


60.62 


60.78 


60.30 


51.04 


60.07 


51.31 


59.85 


51.57 


7J 


80 


61.28 


61.42 


61.06 


51.69 


60.83 


51.96 


60.61 


62.22 


8C 


81 


62.05 


62.07 


61.82 


62.34 


61.59 


52.61 


61.36 


52.87 


81 


82 


62.82 


62.71 


62.59 


52.98 


62.35 


53.25 


62.12 


63.63 


8^ 


83 


63.58 


63.35 


63.35 


63.63 


63.11 


53.90 


62.88 


54.18 


8S 


84 


64.36 


63.99 


64.11 


64.27 


63.87 


54.55 


63.64 


54.83 


8^ 


85 


66.11 


54.64 


64.87 


54.92 


64.63 


56.20 


64.39 


55.48 


a* 


86 


65.88 


55.28 


65.64 


65.67 


( 65.39 


55.85 


65.15 


56.14 


di 


87 


' 66.65 


55.92 


66.40 


66.21 


1 66.16 


56.50 


65.91 


56.79 


81 


88 


67.41 


66.57 


67.16 


66.86 


66.92 


57.15 


66.67 


57.44 


8( 


89 


68.18 


57.21 
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57.50 


67.68 


57.80 
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58.10 


8S 


90 


68.94 
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68.69 


58.16 i 

1 


68.44 


68.45 


68.18 


58.75 


9( 


91 


69.71 


68.49 


69.45 


58.80 


69.20 


59.10 


68.94 


59.40 


91 


^ 


70.48 


59.14 


70.22 


69.44 


69.96 


^9.75 


69.70 


60.05 


9S 


93 


71.24 


59.78 


70.98 


60.09 


70.72 


60.40 


70.45 


60.71 


9S 


94 


72.01 


60.42 


71.74 


60.74 


i 71.48 


61.05 


71.21 


61.36 


94 


95 


72.77 


61.06 


72.51 


61.38 


72.24 


61.70 


71.97 


62.01 


9£ 


96 


73.64 


61.71 


73.27 


62.03 


73.00 


62.35 


72.73 


62.66 


9C 


97 


74.31 


62.35 


74.03 


62.67 


73.76 


63.00 


73.48 


63.32 


91 


98 


75.07 


62.99 


74.80 63.32 | 


74.52 


63.65 
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63.97 


9( 


99 


75.84 


63.64 


75.56 


63.97 


75.28 


64.30 


75.00 


64.62 


9£ 
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76.60 
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64.61 


76.04 


64.94 
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65.28 
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41 Deg. 1 


4U Degr. 


4U Deg:. 


4U Dtg. 


1^ 


J 

a 

i 








• 




4 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 




• 


1 


0.75 


0.66 


0.75 


0.66 


0.75 


0.66 


0.75 


0.67 


1 


2 


1.51 


1.31 


1.50 


1.32 


1.50 


1.33 


1.49 


1.33 


2 


3 


2.26 


1.97 


2.26 


1.98 


2.25 


1.99 


2.24 


2.00 


3 


4 


3.02 


2.62 


3.01 


2.64 


3.00 


2.65 


2.98 


2.66 


4 


5 


3.77 


3.28 


3.76 


3.30 


3.74 


3.31 


3.73 


3.33 


5 


6 


4.53 


3.94 


4.51 


3.96 


4.49 


3.98 


4.48 


4.00. 


6 


7 


5.28 


4.59 


5.26 


4.62 


5.24 


4.64 


5.22 


4.66 


7 


8 


6.04 


5.25 


6.01. 


5.27 


5.99 


5.30 


5.97 


5.33 


8 


9 


6.79 


5.90 


6.77 


6.93 


6.74 


5.96 


6.71 


5.99 


9 


10 


7.55 


6.56 


7.62 


6.59 


7.49 


6.63 


7.46 


6.66 


10 


11 


8.30 


7.22 


8.27 


7.25 


8.24 


7.29 


8.21 


7.32 


11 


12 


9.06 


7.87 


9.02 


7.91 


8.99 


7.95 


8.95 


7.99 


12 


13 


9.81 


8.53 


9.77 


8.57 


9.74 


8.61 


9.70 


8.66 


13 


14 


10.57 


9.18 


10.53 


9.23 


10.49 


9.28 


10.44 


9.32 


14 


15 


11.32 


9.84 


11.28 


9.89 


11.23 


9.94 


11.19 


9.99 


15 


16 


12.08 


10.50 


12.03 


10.55 


11.98 


10.60 


11.94 


10.65 


16 


17 


12.83 


11.15 


12.78 


11.21 


12.73 


11.26 


12.68 


11.32 


17 


18 


13.58 


11.81 


13.53 


11.87 


13.48 


11.93 


13.43 


11.99 


18 


19 


14.34 


12.47 


14.28 


12.53 


14.23 


12.59 


14.18 


12.65 


19 


30 


15.09 


13.12 


15.04 


13.19 


14.98 


13.25 


14.92 


13.32 


20 


21 


15.85 


13.78 


15.79 


13.85 


15.73 


13.91 


15.67 


13.98 


21 


22 


16.60 


14.43 


16.54 


14.51 


16.48 


14.58 


16.41 


14.65 


22 


23 


17.36 


15.09 


17.29 


15.16 


17.23 


15.24 


17.16 


15.32 


23 


24 


18.11 


16.75 


18.04 


15.82 


17.97 


15.90 


17.91 


15.98 


24 


25 


18.87 


16.40 


18.80 


16.48 


18.72 


16.57 


18.65 


16.65 


25 


26 


19.62 


17.06 


19.55 


17.14 


19.47 


17.23 


19.40 


17.31 


26 


27 


20.38 


17.71 


20.30 


17.80 


20.22 


17.89 


20.14 


17.98 


27 


28 


21.13 


18.37 


21.05 


18.46 


20.97 


18.55 


20.89 


18.64 


28 


29 


21.89 


19.03 


21.80 


19.12 


21.72 


19.22 


21.64 


19.31 


29 


30 


22.64 


19.68 


22.56 


19.78 


22.47 


19.88 


22.38 


19.98 


30 


31 
32 


23.40 


20.34 


23.31 


20.44 


23.22 


20.54 


23.13 


20.64 


31 


24.15 


20.99 


24.06 


21.10 


23.97 


21.20 


23.87 


21.31 


32 


33 


24.91 


21.65 


24.81 


21.76 


24.72 


21.87 


24.62 


21.97 


33 


34 


25.66 


22.31 


25.56 


22.42 


25.46 


22.53 


25.37 


22.64 


34 


nn 


26.41 


22.96 


26.31 


23.08 


26.21 


23.19 


26.11 


23.31 


35 


36 


27.17 


^.62 


27.07 


23.74 


26.96 


23.85 


26.86 


23.97 


36 


37 


27.92 


24.27 


27.82 


24.40 


27.71 


24.52 


27.60 


24.64 


37 


38 


28.08 


24.93 


28.57 


25.06 


28.46 


25.18 


28.35 


25.30 


38 


39 


29.43 


25.59 


29.32 


25.71 


29.21 


25.84 


29.10 


25.97 


39 


40 


30.19 


26.24 


30.07 


26.37 


29.96 


26.50 


29.84 


26.64 


40 


41 


30.94 


26.90 


30.83 


27.03 


30.71 


27.17 


30.59 


27.30 


4? 


42, 


31.70 


27.55 


31.58 


27.69 


31.46 


27.83 


31:33 
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32.45 


28.21 


32.33 


28.35 


32.21 


28.49 


32.08 


28.63 


43 


44 


33.21 


28.87 


33.08 


29.01 


32.95 


29.16 


32.83 


29.30 


44 


45 


33.96 


29.52 


33.83 


29.67 


33.70 


29.82 


33.57 


29.97 


45 


46 


34.72 


30.18 


34.58 


30.33 


34.45 


30.48 


34.32 


30.63 


46 


47 


as. 47 


30.83 


35.34 


30.99 


35.20 


31.14 


35.06 


31.30 


47 


48 


36.23 


31.49 


36.09 


31.65 


35.95 


31.81 


35.81 


31.96 


48 


49 


36.98 


32.15 


36.84 


32.31 


36.70 


32.47 


36.56 


32.63 


49 


50 


37.74 


32.80 


37.59 


32.97 

1 


37.45 


33.13 
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33.29 
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• 


41 Dej. 

- 


4U Deg. 


4U Dflff. X 


41} Der. 


1 Distance. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


51 


38.49 


33.46 


38.34 


33.63 


38.20 


33.79 


38.05 


33.96 


51 


52 


39.24 


34.12 


39.10 


34.29 


38.95 


34.46 


38.79 


34.63 


52 


53 


40.00 


34.77 


39.85 


34.95 


39.69 


35.12 


39.54 


36.29 


63 


54 


40.75 


35.43 


40.60 


35.60 


40.44 


35.78 


40.29 


35.96 


54 


55 


41.51 


36.08 


41.35 


36.26 


4M9 


36.44 


41.03 


36.62 


55 


56 


42.26 


36.74 


42.10 


36.92 


41.94 


37.11 


41.78 


37.29 


56 


67 


43.02 


37.40 


42.85 


37.58 


42.69 


37.77 


42.53 


37.96 


67 


58 


43.77 


38.05 


43.61 


38.24 


43.44 


38.43 


43.27 


38.62 


58 


59 


44.53 


38.71 


44.36 


38.90 


44.19 


39.09 


44.02 


39.29 


59 


60 


45.28 


30.36 


46.11 


39.56 


44.94 


39.76 


44.76 


39.96 


60 


61 


46.04 


40.02 


45.86 


40.22 


46.69 


40.42 


45.51 


40.62 


61 


62 


46.79 


40.68 


46.61 


40.88 


46.44 


41.08 


46.26 


41.28 


62 


Hti 


47.55 


41.33 


47.37 


41.54 


47.18 


41.75 


47.00 


41.95 


63 


64 


48.30 


41.99 


48.12 


42.20 


47.93 


42.41 


47.75 


42.62 


64 


65 


49.06 


42.64 


48.87 


42.86 


48.68 


43.07 


48.49 


43.28 


65 


66 


49.81 


43.30 


49.62 


43.52 


49.43 


43.73 


49.24 


43.95 


66 


67 


50.57 


43.96 


50.37 


44.18 


60.18 


44.40 


49.90 


44.61 


67 


68 


51.32 


44.61 


51.13 


44.84 


60.93 


46.06 


50.73 


45.28 


68 


69 


52.07 


45.27 


51.88 


45.49 


51.68 


45.72 


61.48 


45.95 


69 


70 


52.83 


45.92 


52.63 


46.15 


52.43 


46.38 


52.22 


46.61 


70 


71 


53.58 


46.58 


63.38 


46.81 


63.18 


47.05 


52.97 


47.28 


71 


72 


54.34 


47.24 


54.13 


47.47 


53.92 


47.71 


53.72 


47.94 


72 


73 


55.09 


47.89 


54.88 


48.13 


54.67 


48.37 


54.46 


48.61 


73 


74 


55.85 


48.55 


55.64 


48.79 


55.42 


49.03 


65.21 


49.28 


74 


75 


56.60 


49.20 


66.39 


49.46 


56.17 


49.70 


55.95 


49.94 


75 


76 


57.36 


49.86 


57.14 


60.11 


56.92 


50.36 


56.70 


50.61 


76 


77 


58.11 


50.52 


57.89 


50.77 


57.67 


51.02 


57.45 


51.27 


77 


78 


58.87 


61.17 


58.64 


51.43 


58.42 


51.68 


58.19 


51.94 


78 


79 


59.62 


51.83 


59.40 


52.09 


59.17 


52.35 


68.94 


52.60 


79 


80 


60.38 


52.48 


60.15 


52.75 


69.92 


53.01 


59.68 


63.27 


80 


81 


61.13 


53.14 


60.90 


53.41 


60.67 


53.67 


60.43 


53.94 


81 


82 


61.89 


53.80 


61.65 


54.07 


61.41 


54.33 


61.18 


54.60 


82 


83 


62.64 


54.45 


62.40 


54.73 


62.16 


55.00 


61.92 


66.27 


83 


84 


63.40 


55.11 


63.16 


56.38 


62.91 


56.66 


62.67 


65.93 


84 


85 


64.15 


56.76 


63.91 


66.04 


63.66 


56.32 


63.41 


56.60 


as 


86 


64.90 


56.42 


64.66 


66.70 


64.41 


56.99 


64.16 


57.27 


86 


87 


65.66 


67.08 


65.41 


67.36 


65.16 


57.65 


64.91 


57.96 


87 


88 


66.41 


57.73 


66.16 


58.02 


65.91 


58.31 


65.65 


58.60 


88 


89 


67.17 


58.39 


66.91 


58.68 


66.66 


68.97 


66.40 


59.26 


89 


90 


67.92 


59.05 


67.67 


69.34 


67.41 


59.64 


67.15 


59.93 


90 


91 


68 .,68 


59.70 


68.42 


60.00 


68.15 


60.30 


67.89 


60.60 


91 


92 


69.43 


60.36 


69.17 


60.66 


68.90 


60.96 


68.64 


61.26 


0t 


93 


70.19 


61.01 


69.92 


61.32 


69.65 


61.62 


69.38 


61.93 


93 


94 


70.94 


61.67 


70.67 


61.98 


70.40 


62.29 


70.13 


62.69 


94 


95 


71.70 


62.33 


71.43 


62.64 


71.15 


62.95 


70.88 


63.26 


95 


96 


72.45 


62.98 


72.18 


63.30 


71.90 


63.61 


71.62 


63.92 


96 


97 


73.21 


63.64 


72.93 


63.96 


72.65 


^4.27 


72.37 


64.69 


97 


98 


73.96 


64.29 


73.68 


64.62 


73.40 


64.94 


73.11 


65.26 


98 


99 


74.72 


64.95 


74.43 


66.28 


74.15 


65.60 


73.86 


65.92 


99 


100 


75.47 


65.61 

ft 


76.18 

• 


65.93 


74.90 


66.26 


74.61 


66.59 


100 


Distance. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. Lat. 


Dep. 


Lat 


8 

1 


49 1 




48} 


Deff. 


m Deg. 


481 


Da*. 



36 



)6 



TRAVERSE TABLE. 



s 

• 

1 


42 Vtg. 


42i Dflg:. 


42jDeg. 


421 D^. 


f 


1 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


Dep. 


.1 

• 


0.74 


0.67 


0.74 


0.67 


0.74 


0.68 


0.73 


0.68 


1 


2 


1.49 


1.34 


1.48 


1.34 


1.47 


1.36 


1.47 


1.36 


2 


3 


^23 


2.01 


2.22 


2.02 


2.21 


2.08 


2.20 


2.04 


3 


4 


2.97 


2.68 


2.96 


2.69 


2.95 


2.70 


2.94 


2.72 


4 


5 


3.72 


3.35 


3.70 


3.36 


3.69 


3.38 


3.67 


3.39 


5 


6 


4.46 


4.01 


4.44 


4.03 


4.42 


4.05 


4.41 


4.07 


6 


7 


5.20 


4.68 


5.18 


4.71 


5.16 


4.73 


5.14 


4.75 


7 


8 


5.95 


5.35 


5.92 


6.38^ 


5.90 


5.40 


5.87 


5.43 


8 


9 


6.69 


6.02 


6.66 


6.05 


6.64 


6.08 


6.61 


6.11 


9 


10 


7.43 


6.69 


7.40^ 


6.72 


7.37 


6.76 


7.34 


6.79 


10 


11 


8.17 


7.36 


8.14 


7.40 


8.11 


7.43 


8.08 


7.47 


11 


12 


8.92 


8.03 


8.88 


8.07 


8.85 


8.11 


8.81 


&.15 


12 


13 


9.66 


8.70 


9.62 


8.74 


9.58 


8.78 


9.55 


8.82 


13 


14 


10.40 


9.37 


10.36 


9.41 


10.32 


9.46 


10.28 


9.50 


14 


15 


11.15 


10.04 


11.10 


10.09 


11.06 


10.13 


11.01 


10.18 


15 


16 


11.89 


10.71 


41.84 
12.58 


10.76 


11.80 


10.81 


11.75 


10.86 


16 


17 


12.63 


11.38 


11.43 


12.53 


11.48 


12.48 


11.54 


17 


18 


13.38 


12.04 


13.32 


12.10 


13.27 


12.16 


13.22 


12.22 


18 


19 


14.12 


12.71 


14.06 


12.77 


14.01 


12.84 


13.95 


12.90 


19 


20 


14.86 


13.38 


14.80 


13.45 


14.75 


13.51 


14.69 


13.68 


20 




21 


15.61 


14.05 


15'.54 


14.12 


15.48 


14.19 


15.42 


14.25 


21 




22 


16.35 


14.72 


16.28 


14.79 


16.22 


14.86 


16.16 


14.93 


22 




23 


17.09 


15.39 


17.02 


15.46 


16.96 


15.54 


16.89 


15.61 


23 




»1 


17.84 


16.06 


17.77 


16.14 


17.69 


16.21 


17.62 


16.29 


24 




25 


18.58 


16.73 


18.51 


16.81 


18.43 


16.89 


18.36 


16.97 


25 




26 


19.32 


17.40 


19.25 


17.48 


19.17 


17.57 


19.09 


17.65 


26 




27 


20.06 


18.07 


19.99 


18.15 


19.91 


18.24 


19.83 


18.33 


27 




28 


20.81 


18.74 


20.73 


18.83 


20.64 


18.92 


20.56 


19.01 


28 




29 


21.55 


19.40 


21.47 


19.50 


21.38 


19.69 


21.30 


19.69 


29 




30 


22.29 


20.07 


22.21 


20.17 


22.12 


20.27 


22.03 


20.36 


30 




31 


23.04 


20.74 


22.95 


20.84 


22.86 


20.94 


22.76 


21.04 


31 




32 


23.78 


21.41 


23.69 


21.52 


23.59 


21.62 


23.60 


21.72 


32 




33 


24.52 


22.08 


24.43 


22.19 


24.33 


22.29 


24.23 


22.40 


33 




34 


25.27 


22.75 


25.17 


22.86 


25.07 


22.97 


24.97 


23.08 


34 




as 


26.01 


23.42 


25.91 


23.53 


25.80 


23.65 


26.70 


23.76 


35 




36 


26.75 


24.09 


26.65 


24.21 


26.54 


24.32 


26.44 


24.44 


36 




37 


27.50 


24.76 


27.39 


24.88 


27.28 


25.00 


27.17 


25.12 


37 




38 


28.24 


25.43 


28.13 


25.55 


28.02 


25.67 


27.90 


26.79 


38 




39 


28.98 


26.10 


28.87 


26.22 


28.75 


26.35 


28.64 


26.47 


39 




40 


29.73 


26.77 


29.61 


26.89 


29.49 


27.02 


29.37 


27.15 


40 




41 


30.47 


27.43 


90.35 


27.57 


30.23 


27.70 


30.11 


27.83 


41 




4t 


31.21 


28.10 


31.09 


28.24 


30.97 


28.37 


30.84 


28.51 


42 




43 


31.96 


28.77 


31.83 


28.91 


31.70 


29.05 


31.58 


29.19 


43 




44 


32.70 


29.44 


32.57 


29.58 


32.44 


29.73 


32.31 


29.87 


44 




45 


33.44 


30.11 


33.31 


30.26 


33.18 


30.40 


33.04 


30.55 


45 




46 


34.18 


30.78 


34.05 


30.93 


33.91 


31.08 


33.78 


31.22 


46 




47 


34.93 


31.45 


34.79 


31.60 


34.65 


31.75 


34.51 


31.90 


47 




48 


35.67 


32.12 


35.53 


32.27 


35.39 


32.43 


35.25 


32.58 


48 




49 


36.41 


32.79 


36.27 


32.95 


36.13 


33.10 


35.98 


33.26 


49 




50 


37.16 


33.46 


37.01 


33.62 


36.86 


33.78 


36.72 


33.94 


50 




1 Distance. 


Dep. 


Lat 


Dep. 1 Lat 


Dep. 1 Lat. 


Dep. 


Lat 


• 

1 

G 




48 De^ 


47J Deff. 


47i Deg, 


47* Dag. 


• 
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87 



• 


42D0if. 


4aiVtg. 


42iDaf. 


421 Dig. 


5 

■ 


Let. 


Dep. 


Lat 


Dep. 


Lat 


Dap. 


Lat. 


Dap. 


61 


37.90 


34.13 


37.75 


34.29 


37.60 


34.46 


37.45 


34.62 


51 


52 


38.64 


34.79 


38.49 


34.96 


38.34 


35.13 


38.18 


35.30 


52 


53 


39.39 


36.46 


39.23 


35.64 


39.08 


35.81 


38.92 


35.98 


53 


54 


40.13 


36.13 


39.97 


36.31 


39.81 


36.48 


39.65 


36.66 


54 


55 


40.87 


36.80 


40.71 


36.98 


40.55 


37.16 


40.39 


37.33 


55 


56 


41.62 


37.47 


41.45 


37.65 


41.29 


37.83 


41.12 


38.01 


56 


57 


42.36 


38.14 


42.19 


38.32 


42.02 


38.51 


41.86 


38.69 


67 


58 


43.10 


38.81 


42.93 


39.00 


42.76 


39.18 


42.59 


39.37 


58 


59 


43.85 


39.48 


43.67 


39.67 


43.50 


39.86 


43.32 


40.05 


59 


60 
61 


44.59 


40.15 


44.41 


40.34 


44.24 


40.54 


44.06 


40.73 


60 


45.33 


40.82 


45.15 


41.01 


44.97 


41.21 


44.79 


41.41 


61 


62 


46.07 


41.49 


45.89 


41 .69 


45.71 


41.89 


45.53 


42.09 


62 


63 


46.82 


42.16 


.46.63 


42.36 


46.45 


42.56 


46.26 


42.76 


63 


64 


47.56 


42.82 


47.87 


43.08 


47.19 


43.24 


47.00 


43.44 
44tl2 


64 


65 


48.30 


43.49 


48.11 


43.70 


47.92 


43.91 


47.73 


65 


66 


49.05 


44.16 


48.85 


44.38 


48.66 


44.59 


48.47 


44.80 


66 


67 


49.79 


44.83 


49.59 


45.05 


49.40 


45.26 


49.20 


45.48 


67 


68 


50.53 


45.50 


50.33 


45.72 


50.13 


45.94 


49.93 


46.16 


68 


69 


51.28 


46.17 


51.07 


46.39 


50.87 


46.62 


50.67 


46.84 


69 


70 


52.02 


46.84 


51.82 


47.07 


51.61 


47.29 


51.40 


47.52 


70 


71 


52.76 


47.51 


52.56 


47.74 


52.36 


47.97 


52.14 


48.19 


71 


72 


53.51 


48.18 


53.30 


48.41 


63.08 


48.64 


52.87 


48.87 


72 


73 


54.25 


48.85 


54.04 


49.08 


53.82 


49.32 


53.61 


49.55 


73 


74 


54.99 


49.52 


54.78 


49.76 


54.56 


49.99 


54.34 


50.23 


74 


75 


55.74 


50.18 


55.52 


50.43 


55.30 


50.67 


55.07 


50.91 


75 


76 


56.48 


50.85 


56.26 


51.10 


56.03 


51.34 


55.81 


51.59 


76 


77 


57.22 


51.52 


57.00 


51.77 


56.77 


52.02 


56.54 


52.27 


77 


78 


67.97 


52.19 


57.74 


52.44 


57.51 


52.70 


57.28 


52.95 


78 


79 


58.71 


52.86 


58.48 


53.12 


58.24 


53.37 


58.01 


53.63 


79 


80 


59.45 


53.53 


59.22 


53.79 


58.98 


54.05 


58.75 


54.30 


80 


81 


60.19 


54.20 


59.96 


54.46 


59.72 


54.72 


59.48 


54.98 


81 


82 


60.94 


54.87 


60.70 


55.13 


60.46 


55.40 


60.21 


55.66 


82 


•83 


61.68 


55.54 


61.44 


55.81 


61.19 


56.07 


60.95 


56.34 


83 


84 


62.42 


56.31 


62.18 


56.48 


61.93 


56.75 


61.68 


57.02 


84 


85 


63.17 


56.88 


62.92 


57.16 


62.67 


57.43 


62.42 


57.70 


85 


86 


63.91 


57.55 


63.66 


57.82* 


63.41 


58.10 


63.15 


58.38 


86 


87 


64.65 


58.21 


64.40 


58.50 


64.14 


58.78 


63.89 


59.06 


87 


88 


65.40 


58.88 


65.14 


59.17 


64.88 


59.45 


64.62 


59.73 


88 


89 


66.14 


59.55 


65.88 


59.84 


65.62 


60.13 


65.36 


60.41 


89 


90 


66.88 


60.22 


66.62 


60.51 


66.35 


60.80 


66.09 


61.09 


90 


91 


67.63 


60.89 


67.36 


61.19 


67.09 


61.48 


66.82 


61. T7 


91 


92 


68.37 


61.56 


68.10 


61.86 


67.83 


62.15 


67.56 


62.45 


92 


93 


69.il 


62.23 


68.84 


62.53 


68.57 


62.83 


68.29 


63.13 


93 


94 


69.86 


62.90 


69.58 


63.20 


69.30 


63.51 


69.03 


63.81 


94 


95 


70.60 


63.57 


70.32 


63.87 


70.04 


64.18 


69.16 


64.49 


95 


96 


71.34 


64.24 


71.06 


64.56 


70.78 


64.86 


70.49 


65.16 


96 


97 


72.08 


64.91 


71.80 


65.22 


71.52 


65.63 


71.23 


65.84 


97 


98 


72.83 


65.57 


72.54 


65.89 


72.26 


66.21 


71.96 


66.52 


98 


99 


73.57 


66.24 


73.28 


66.56 


72.99 


66.88 


72.70 


67.20 


99 


108 


74.31 


66.91 


74.02 


67.24 


73.73 


67.56 


73.43 


67.88 


100 


8 


Dep. 


Lat 


Dep. 


Lat 


Dap* 


Lat 


Dap. 


Lat. 


• 

s 














1 


Q 


48Deg. 


47f 


Dag; 


47J 


Dag. 


47J Deg. 


■^ 



8 



TRAVERSE TABLE. 



• 


43 D^. 


43\Dtg. 


43iDt^. 


43} Dtg. 


1 Dittmnce. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


1 


0.73 


0.68 


0.73 


0.69 


0.73 


0.69 


0.72 


0.69 


1 


2 


t.46 


1.36 


1.46 


1.37 


1.45 


1.38 


1.44 


1.38 


2 


3 


2.19 


2.05 


2.19 


2.06 


2.18 


2.07 


2.17 


2.07 


3 


4 


2.93 


2.73 


2.91 


2.74 


2.90 


2.75 


2.89 


2.77 


4 


5 


3.66 


3.41 


3.64 


3.43 


3.63 


3.44 


3.61 


3.46 


6 


6 


4.39 


4.09 


4.37 


4.11 


4.35 


4.13 


4.33 


4.15 


6 


7 


5.12 


4.77 


5.10 


4.80 


5.08 


4.82 


5.06 


4.84 


7 


8 


5.85 


5.46 


5.83 


5.48 


5.80 


5.51 


5.78 


6.53 


8 


9 


6.58 


6.14 


6.56 


6.17 


6.53 


6.20 


6.50 


6.22 


9 


10 


7.31 


6.82 


7.28 


6.85 


7.25 


6.88 


7.22 


6.92 


10 


11 


8.04 


7.50 


8.01 


7.54 


7.98 


7.57 


7.95 


7.61 


11 


12 


8.78 


8.18 


8.74 


8.22 


8.70 


8.26 


8.67 


8.30 


12 


13 


9.51 


8.87 


9.47 


8.91 


9.43 


8.95 


9.39 


8.99 


13 


14 


10.24 


9.56 


10.20 


9.59 


10.16 


9.64 


10.11 


9.68 


14 


15 


10.97 


10.23 


10.93 


10.28 


10.88 


10.33 


10.84 


10.37 


16 


16 


11.70 


10.91 


11.65 


10.96 


11.61 


11.01 


11.66 


11.06 


16 


17 


12.43 


11.59 


12.38 


11.65 


12.33 


11.70 


12.28 


11.76 


17 


18 


13.16 


12.28 


13.11 


12.33 


13.06 


12.39 


13.00 


12.45 


18 


19 


13.90 


12.96 


13.84 


13.02 


13.78 


13.08 


13.72 


13.14 


19 


30 


14.63 


13.64 


14.57 


13.70 


14.51 


13.77 


14.45 


13.83 


20 


21 


15.36 


14.32 


15.30 


14.39 


15.23 


14.46 


15.17 


14.52 


21 


22 


16.09 


15.00 


16.02 


15.07 


15.96 


15.14 


15.89 


15.21 


22 


23 


16.82 


15.69 


16.75 


15.76 


16.68 


15.83 


16.61 


15.90 


23 


24 


17.55 


16.37 


17.48 


16.44 


17.41 


16.52 


17.34 


16.60 


24 


25 


18.28 


17.05 


18.21 


17.13 


18.13 


17.21 


18.06 


17.29 


25 


26 


19.02 


17.73 


18.94 


17.81 


18.86 


17.90 


18.78 


17.98 


26 


27 


19.75 


18.41 


19.67 


18.50 


19.69 


18.59 


19.60 


18.67 


27 


28 


20.48 


19.10 


20.39 


19.19 


20.31 


19.27 


20.23 


19.36 


28 


29 


21.21 


19.78 


21.12 


19.87 


21.04 


19.96 


20.96 


20.05 


29 


30 


21.94 


20.46 


21.85 


20.56 


21.76 


20.65 


21.67 


20.75 


30 


31 


22.67 


21.14 


22.58 


21.24 


22.49 


21.34 


22.39 


21.44 


31 


32 


23.40 


21.82 


23.31 


21.93 


23.21 


22.03 


23.12 


22.13 


32 


33 


24.13 


22.51 


24.04 


22.61 


23.94 


22.72 


23.84 


22.82 


33 


34 


24.87 


23.19 


24.76 


23.30 


24.66 


23.40 


24.56 


23.51 


34 


35 


25.60 


23.87 


25.49 


23.98 


25.39 


24.09 


25.28 


24.20 


a5 


36 


26.33 


24.55 


26.22 


24.67 


26.11 


24.78 


26.01 


24.89 


36 


37 


27,06 


25.23 


26.95 


25.35 


26.84 


25.47 


26.73 


25.59 


37 


38 


27.79 


25.92 


27.68 


26.04 


27.56 


26.16 


27.45 


26.28 


38 


39 


28.52 


26.60 


28.41 


26.72 


28.29 


26.85 


28.17 


26.97 


39 


40 


29.25 


27.28 


29.13 


27.41 


29.01 


27.53 


28.89 


27.66 


40 


41 


29.99 


27.96 


29.86 


28.09 


29.74 


28.22 


29.62 


28.35 


41 


42 


30.72 


28.64 


90.59 


28.78 


30.47 


28.91 


30.34 


29.04 


42 


43 


31.45 


29.33 


31.32 


29.46 


31.19 


29.60 


31.06 


29.74 


43 


44 


32.18 


30.01 


32.05 


30.15 


31.92 


30.29 


31.78 


90.43 


44l 


45 


32.91 


^.69 
ffl.37 


32,78 


30.83 


32.64 


30.98 


32.51 


31.12 


45 


46 


33.64 


33.51 


31.52 


33.37 


31.66 


33.23 


31.81 


46 


47 


34.37 


32.05 


34.23 


32.20 


34.09 


32.35 


33.95 


32.50 


47 


48 


35.10 


32.74 


34.96 


32.89 


34.82 


33.04 


34.67 


33.19 


48 


49 


35.84 


33.42 


35.69 


33.57 


35.54 


33.73 


35.40 


33.88 


49 


50 


36.57 


34.10 


36.42 


34.26 


36.27 


34.42 


36.12 


34.58 


60; 


• 

s 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat. 


Dep. 


Lat 


11 


O 


41D98. 


46|D«. 


4»iT)eg. 


46i De(. 



TRAVERSE TABLE. 



89 



S 



51 
52 
53 

54 
55 
56 
57 
58 
59 
60 



61 

63 
64 
65 
66 
67 
68 
69 
70 



71 

72 
73 
74 
76 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



43D6g. 



Lat. 



37.30 
38.03 
38.76 
39.49 
40.22 
40.96 
41.69 
42.42 
43.15 
43.88 



44.61 
45.34 
46.08 
46.81 
47.54 
48.27 
49.00 
49.73 
50.46 
51.19 



I 

.a 



51.93 
52.66 
53.39 
54.12 
54.85 
55.58 
56.31 
67.05 
67.78 
58.51 



59.24 
59.97 
60.70 
61.43 
62.17 
62.90 
63.63 
64.36 
65.09 
65.82 



66.55 
67.28 
68.02 
68.75 
69.48 
70.21 
70.94 
71.67 
72.40 
73.14 



Dep. 



34.78 
35.46 
36.15 
36.83 
37.51 
38.19 
38.87 
39.56 
40.24 
40.92 



41.60 
42.28 
42.97 
43.65 
44.33 
45.01 
45.69 
46.38 
47.06 
47.74 



48.42 

49.10 

49.79 

50.47 

51.15 

51.83 

52.51 

53.20 

53.88 

54.56 



55.24 
55.92 
56.61 
57.29 
57.97 
58.65 
59.33 
60.02 
60.70 
61.38 



62.06 
62.74 
63.43 
64.11 
64.79 
65.47 
66.15 
66.84 
67.52 
68.20 



Dep. Lat. 
47Deg;. 



431 Deg. 



Lat. 



37.15 
37.88 
38.60 
39.33 
40.06 
40.79 
41.52 
42.25 
42.97 
43.70 



44.43 

45.16 
45.89 
46.62 
47.34 
48.07 
48.80 
49.53 
50.26 
50.99 



51.71 
52.44 
53.17 
53.90 
54.63 
55.36 
56.08 
56.81 
57.54 
58.27 



59.00 
59.73 
60.45 
61.18 
61.91 
62.64 
63.37 
64.10 
64.82 
65.55 



Dep. 



34.94 
35.63 
36.31 
37.00 
37.69 
38.37 
39.06 
39.74 
40.43 
41.11 



41.80 
42.48 
43.17 
43.85 
44.54 
45.22 
45.91 
46.59 
47.28 
47.96 



48.65 
49.33 
50.02 
50-70 
51.39 
52.07 
52.76 
53.44 
54.13 
54.81 



55.50 
56.18 
56.87 
57.56 
58.24 
58.93 
59.61 
60.30 
60.98 
61.67 



66.28 
67.01 
67.74 
68.47 
69.20 
69.92 
70.65 
71.37 
72.11 
72.84 



62.35 
63.04 
63.72 
64.41 
65.09 
65.78 
66.46 
67.16 
67.83 
68.52 



46{ Deg. 



Dep. Lat. Dep. -Lat. 



43iDesr. 



Lat. 






36.99 
37.72 
38.44 
39.17 
39.90 
40.62 
41.35 
42.07 
42.80 
43.52 



44.25 
44.97 
45.70 
46.42 
47.15 
47.87 
48.60 
49.33 
50.05 
50.78 



51.50 
52.23 
52.95 
53.68 
54.40 
55.13 
55.85 
56.58 
67.30 
58.03 



58.76 
59.48 
60.21 
60.93 
61.66 
62.38 
63.11 
63.83 
64.56 
65.28 



66.01 

66.73 

67.46 

68.19 

68.1 

69. 

70.36 

71.09 

71.81 

72.54 



i!64 



Dep. 



35.11 

35.79 
36.48 
37.17 
37.86 
38.55 
39.24 
39.92 
40.61 
41.30 



41.99 

42.68 

43.37 

44.05. 

44.74 

45.43 

46.12 

46.81 

47.50 

48.18 



48.87 
49.56 
50.25 
50.94 
51.63 
52.31 
53.00 
53.69 
54.38 
55.07 



55.76 
56.45 
57.13 
57.82 
58.51 
59.20 
59.89 
60.58 
61.26 
61.95 



62.64 
63.33 
64.02 
64.71 
65.39 
66.08 
66.77 
67.46 
68.15 
68.84 



46iDeg. 



431 Dag. 



Lat. 



36.84 
37.56 
38.29 
39.01 
39.73 
40.45 
41.17 
41.90 
42.62 
43.34 



Dep. 



44.06 
44.79 
45.51 
46.23 
46.95 
47.68 
48.40 
49.12 
49.84 
50.57 



51.29 
52.01 
52.73 
53.45 
54.18 
54.90 
55.62 
56.34 
57.07 
57.79 



58.51 
59.23 
59.96 
60.68 
61.40 
62.12 
62.85 
63.57 
64.29 
65.01 



65.74 
66.46 
67.18 
67.90 
68.62 
69.35 
70.07 
70.79 
71.51 
72.24 



35.27 
35.96 
36.65 
37.34 
38.08 
38.72 
39.42 
40.11 
40.80 
41.49 



42.18 
42.87 
43.57 
44.26 
44.95 
45.64 
46.33 
47.02 
47.71 
48.41 



49.10 
49.79 
50.48 
51.17 
51.86 
52.55 
53.25 
53.94 
54.63 
55.32 



56.01 
56.70 
67.40 
58.09 
58.78 
59.47 
60.16 
60.85 
61.54 
62.24 



62.93 
63.62 
64.31 
65.00 
65.69 
66.39 
67.08 
67.77 
68.46 
69.15 



s 



61 
62 
53 

54 
66 
56 
57 
58 
59 
60 



Dep. <Lat. 
46iDeg. 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



23 



u 



r 



90 



TRAVERSE TXBtX. 



0.72 
1.44 
2.16 
2.88 
3.60 
4.33 
5.04 
5.76 
6.47 
7.19 



7.64 
8.34 
9.03 
9.73 
10.42 
11.11 
.81 
12.50 
13.20 
3913.89 



2311 



11 
83115 



0222 



4623 



.90 

.62125 

.3326 



29.49 
30.21 
30.93 
31.65 
32.37 
33.09 
33.81 
34.53 
35.25 
35.97 

Dep. 



0.69 
1.39 
2.08 
£.78 
3.47 
4.17 
4.86 
5.56 
6.25 
6.95 



14.59 
.28 
15.98 
16.67 
17.37 
18.06 
18.76 
19.45 
20.15 
20.84 



21.53 
.23 

22.92 
.62 

24.31 

25.or 

.70 
.40 
27.09 
27.79 



28.48 
29.18 
29.87 
30.56 
31.26 
31.95 
32.65 
33.34 
34.04 
34.73 

Lat. 



46 Deg. 




0.72 
1.43 
2.15 
2.87 
3.58 
4.30 
5.01 
5.73 
6.45 
7.16 



7.88 
8.00 
9.31 

10.031 

10. 

11.46 

12.18 

12. 

13.61 

14.33 



7410 



8912 



15.04 

15.76 

16.47 

17.19 

17.91 

18.62 

19. 

20.06 

20.77 

21.49 



22.21 

22. 

23.64 

24.35 

25.07 

25.79 

26. 

27.22 

27.94 

28.65 



29.37 
30.08 



0.70 
1.40 
2.09 
2.79 
3.49 
4.19 
4.88 
5.58 
6.28 
a.98 



7;68 
8.37 
9.07 
9.77 
.47 
11.16 
11.86 

13.26 
13.96 



3418 



14.65 
15.35 
16.05 
16.75 
17.44 
18.14 
.84 
19.54 
20.24 
20.93 



9222 



5025 



21.63 
.33 
23.03 
23.72 
24.42 
25.12 
.82 
26.52 
27.21 
27,91 



28.61 
29.31 



30.8030.00 
31.5230.70 
32.2331.40 



32.95 



33.6732.80 



34.38 



7.85 

8.56 

9.27 

9.99 

10.70 

11.41 

12. 

12.84 

13.55 

14.26 



1311 



14.98 

15.69 

16. 

17.12 

17.83 

18.54 

19.26 

19.97 

20. 

21. 



4016. 



14.72 

15.42 

.12 

16.82 

17.52 

18.22 

18.92 

19.63 

68^.33 

.03 



4021 



32.10 



33.49 



35.1034.19 
35. 82134.89 

Dep, Lat. 



.96 29 



.10 31 
.81 32 
.52 32 
.24 33 
.95 34 



Dep. 



7.71 

8.41 

9.11 

9.81 

10.51 

11.21 

.92 

12.62 

13.32 

14.02 



22.0221 
8222.43 22.73,22 



.2523. 
.9624. 
.68 25. 
.39 25. 
.1026. 
.82 27. 
.53 28. 



Lat. 



45il>e8:. 



7.81 
8.52 
9.23 

10. 

11.36 

12.07 

12.78 

13.49 

14. 



6510. 



14.91 
15.62 
16.33 
17.04 
17.75 
18.46 
19.17 
I9.d9j 
20.60 
21.31 



2014. 



23.44 
24.15 
24.86 
25.57 
26.28 
26.99 
27.70 
28.41 



29.12 



29.83{29 

30.54 

31.25 

31.96 

32.67 

33.38133 



34.09 



34.80.34 



28. 



33. 



35.51 
Dep. 



36. 
Lat. 



451 Deg. 



7.78 

8.49 

9.19 

9.90 

10.61 

11.31 

12.02 

12.73 

13.43 

14,14 



14.85 
15.56 
16.26 

16.97 

17.681 

18. 

19. 

19.801 

20.51 

21.21 



21.92121 

22.6322. 

23.; 

24.04. 

24.' 

25.' 

26.16 

26.87 

27.58 

28.2828. 



Dep. 



7.78 

8.40 

9.19 

9.90 

10.61 

11.31 

12.02 

12.73 

13.43 

14.14 



3818 
0919 



14.85 
15.56 
16.26 
16.97 
17.68 
.38 
.09 
19.80 
20.51 
21.21 



3323. 



7524. 
4625 



7029 
130 
1131 
8231 
5332 
.2333. 
.94|33. 



3635. 



Lat. 



4fiLD^. 



TRAVERSE TABLE. 



fl 



44Deg. 
Lat. Dep. 



36.69 

37.41 

38. 

38.84 

39.56 

40.28 

41. 

41. 

42.44 

43.16 



1236 



0039 
72,40 



43.88 

44.60 

45. 

46. 

46.76 

47.48 

48.20 

48.92 

49.63 

50.35 



42.37 
43^7 
32143.76 
04|44.46 
45.15 
45.85 
46.54 
47.24 
47.93 
48.63 



35.43 
36.12 
.82 
37.51 
38.21 
«io.9v 
.60 
.29 
40.98 
41.68 



8354. 



4258 



.02'6J 



56.27 
56.96 
57.66 

.35 
59.05 
59.74 
^60.44 
61.13 

.82 
62.52 



4663.21 
.1863.91 
,9064.60 
.6265.30 
.34 65.99 
06 66.69 
.78 67.38 
.5068.08 
2168.77 
93 69.47 



Dep. Lat 
46Deg:. 



44iD^. 



Lat. 



36. 

37.25 

37.96 

38.68 

39. 

40.11 

40.83 

41. 

42. 

42.98 



5335 



4038 



5540 
2641 



43. 
44. 

45. 

45.84 

46.56 

47.28 

47.99 

48.71 

49.42 

50.14 



6942. 



1343. 



.57 
41^43.26 

.96 
44.66 
45.36 
46.05 
46.75 
47.45 
48.15 
48.85 



50.86 

5U67 

52.29 

53.01 

53. 

54. 

55.46 

55. 

56.59 

57. 



58.02 

58.74 

59.45 

60.17 

60.89 

61.60 

62. 

63. 

63.75 

64.47 



65.18 

65.90 

66. 

67.33 

68.05 

68.76 

69.48 

70.20 

70. 

71. 



Dep. Lat 



Dep. 



.59 
36.29 
36.98 
37.68 

.38 
39.08 
39.77 

.47 

.17 
41.87 



72 52 
4453 



8754 



3055 



49.54 
50.24 
50.94 
51.64 

.33 

.03 
53.73 

.43 
55.13 

.82 



3260 
0361 



56.52 
57.22 
67.92 
58.61 
59.31 
60.01 
.71 
.41 
62.10 
62.80 



6264 



9169 



63i69 



63.50 
64.20 
.89 
65.59 
66.29 
66.99 
67.69 
68.38 
.08 
.78 



^Dt$. 



44iDeg. 



Lat. 



36.38 

37.09 

37.80 

38.52 

39. 

39. 

40.66 

41.37 

42.08 

42.79 



2338 
94I39 



43.51 

44. 

44. 

45.65 

46.36 

47,07 

47.79 

48. 

49. 

49.93 



2243 
9344 



5047 
2148 



50.64 
51.35 
52.07 
52.78 
53.49 
54.21 
54.92 
55.63 
56.35 
57.06 



57.77 

58.49 

59. 

59.91 

60.63 

61.34 

62.05 

62. 

63.48 

64. 



64.91 

65.62 

66. 

67. 

67.76 

68.47 

69.19 

69.90 

70.61 

71.33 



Dep. Lat 



Dep. 



35.75 
36.45 
37.15 
37.85 
.55 
.25 
39.95 
40.65 
41.35 
42.05 



42.76 
.46 
.16 
44.86 
45.56 
46.26 
46.96 
.66 
.36 
49.06 



49.76 
60.47 
51.17 
51.87 
52.57 
53.27 
53.97 
54.-67 
55.37 
56.07 



2(^58 



77 61 



56.77 
57.47 

.18 
58.88 
59.58 
60.28 
60.98 

.68 
^2.38 

.08 



19 63 



3365 
05 65 



63.78 
64.48 
.18 
.89 
66.59 
67.29 
67.99 
68.69 
69.39 
70.09 



45jPej. 



44|Deg:. 



I 



Lat. I Dep. 



36. 

36. 

37. 6« 

38.35 

39.06 

39.77 

40. 

41.19 

41. 

42.61 



2235 



9336 



48(40 



9041 



3242 



1645 



43. 

44.03143 

44.74 

45.45 

46 

46.87 

47^8 

48.29 

49.00i48 

49. 



50.42 



51.84 
52.55 
53.26 

53.97 
54.68 
55,39 



.90 

.61 
37.31 
38.02 
38.72 
39.42 

.13 
40.83 

.54 
42.24 



.94 

.65 

44.35 

46.06 

.76 

46.46 

47,17 

47.87 

.58 

.28 



71 49 



49.98 



51.1350.69 



51.39 
52.10 
52.80 
53.51 
54.21 
54.91 



56.1055.62 



56.81 



2457 



6659 



57.52 

58, 

58.95J58 
1159. 

60.37 
161.08 

61.79 

62. 
163.21 

63.92 



.5061 



64.63 

65.34 

66.05 

66.76 

67.47 

68. 

68. 

69. 

70.31 

71.02 



Dep. Lat 



56.32* 



57.03 

.73 

.43 

.14 

59.84 

60.55 

61.25 

.95 

62.66 

63.36 



1867 
8988 
6068 



64.07 
64.77 
65.47 
66.18 
66.88 
.59 
.29 
.99 
69.70 
70.40 



45Deg:. 



Lat Dep. 



45iDeg. 



36.06 

36.77 

37.48 

38. 

38. 

39. 

40. 

41.01 

41.72141 

42.4342 



1838 

89138 

.6039 

0140 

41 



43.13 

43.84 

44.5 

45.25 

45.86 

46.67 

47.38 

48,08 

48. 

49. 



5544 



7948 



50.20150 

50.91 

51. 

52. 

53. 

53.74 

54. 

55.15 

55. 

56.57 



57.2857 

57.98 

58.69 

59.40 

60. 

60, 

61.52 

62.2362 

62.9362 

63.64 63 



36 
36 

37 



.06 
.77 
.48 
.18 
.89 
.60 
.31 
.01 
.72 
.43 



5049 



43.13 
43.84 
.55 
45.25 
45.96 
46.67 
47.38 
48.08' 
.79 
.50 



50 
.6251 
3352 
03(53 
53 
54 
55 
55 
58 



.4554 



.8655 



.20 
.91 
.62 
.33 
.03 
.74 
.45 
.15 
.86 
.57 



57 
58 
59 
10)60 
.8160 
61 



64.35 

65.05 

65. 

66.47 

67.18 

67.88 

68.5968 

69.30 

70. 

70.71 



.28 

.98 

.69 

.40 

.10 

.81 

.521 

.23 

.93 

.64 



• 



51 
52 
53 
54 

55 
56 
67 
58 
59 
60 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



71 
72 
73 
74 
75 
76 
77 
78 
79 
80 



64 
65 



76165 
66 
67 
67 



.00170 



69 
70 
70 



Dep. Lat. 
45 Dei;. 



81 
82 
83 
84 
85 
86 
87 
88 
89 
90 



.35 


91 


.05 


92 


.76 


93 


.47 


94 


.18 


95 


.88 


96 


.59 


97 


.30 


98 


.00 


99 


.71 


100 



s 

« 



*» ♦ 






A TABLE 



or 



LOGARITHMS, 

FROM 1 TO 10,000<, 



t " « 



JVb/e. Tbe index of the logarithm of ereiy integer 
nuinber consisting of only one iSgure is 0^ of two figures 
I;, ci three figures 2, of four figures 3; being alwajs a 
unit le^ than the number of figures contained in the 
integer number. In this table, as is generally the case, 
the index to the logarithm of every number above 100 is 
omitted ^ yet in the operation ihust be prefixed according 
to this remark; so the logarithm of 700 is 2,84510, and 
of 7000 is 3,84510, and so of the rest 



No. 


Log. 


No. 


Log. 


No. 


Log. 


No. 


Log> 


No. 


W- 


I 


0.00000 


21 


1.32222 


41 


1.61278 


61 


1.78533 


81 


1.90849 


2 


0.30103 


22 


1.34242 


42 


1.62325 


62 


1.79239 


82 


X. 91381 


3 


0.47712 


fe 


1.36173 


43 


1.63347 


63 


1.79934 


83 


1.91^ 


4 


0.60206 


24 


1.38021 


44 


, 1.64345 


64 


1.80618 


84 


1.92426 


5 


0.69897 


25 


1.39794 


45 


1.66321 


66 


1.81291 


86 


1.92942 


e 


0.77816 


26 


1.41497 


46 


1.66276 


66 


1.81954 


86 


1.93450 


7 


0.84510 


27 


1 .'43136 


47 


1.67210 


67 


1.82807 


87 


1.93962 


8 
9 


0.90309 
0.95424 


28 
29 


1.44716 
1.46240 


48 
49 


1.68124 
1.69020 


68 
69 


1.83261 
1.83885 


•8 
89 


1.94448 
}.S4938 


10 
11 


1.00000 


30 


1.47712 


60 


1.69897 


70 


1.84510 


90 


1.954M 


1.04139 


31 


1.49136 


61 


1.70757 


71 


1.86126 


91 


1.96904 


12 


1.07918 


32 


1.50515 


52 


1.71600 


72 


1.85733 


92 


1 9637$ 


13 


1.11394 


:« 


1.61851 


63 


1.72428 


73 


1.86332 


93 


1.96848 


14 


1.14613 


34 


1.63148 


64 


1.73239 


74 


1.86923 


94 


1.9731S 


16 


1.17609 


35 


1.64407 


65 


1.74036 


75 


1.87506 


96 


1.97772 


16 


1.20412 


36 


1.65630 


66 


1.74819 


76 


1.88081 


96 


1 .98227 


17 


1.23045 


37 


1.66820 


67 


1.75587 


77 


1.88640 


97 


1.98677 1 


18 


1.25527 


88 


1.5797a 


58 


1.76343 


78 


1.89209 


98 


1.99123 1 


19 


1.2787S 


39 


1.69106 


..69 


1.77085 


79 


1.89763 


99 


a.99564 II 


!.'« 


1.30103 


40 


1.60206 


r6o 


1.77815 


80 


1.90309 


100 ^.00000 1 



**' « 



t «« 



V.^»VL\ 
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• 
• 


• 


- — J— — 


* 


1 


^ 

^ 




No. 
100 


. 

• 


1 


% 


ar 


4 


5 


4 ' 


7 

• 

00303 


1 .9 




00000 


00043 


00087 


00130 


00173 


00217 


00260 


00346 


00389 




101 


60432 


00475 


00518 


00561 


00604 


00647 


00689 ' 


00732 


00775 


00817 




102 


00860 


00903 


00945 


00988 


01030 


01072 


01115 


01157 


01199 


01242 




103 


01284 


01326 


01368 


01410 


01452 


01494 


01536 


01578 


0l620 


01662 




1.04 


01703 


01745 


01787 


01D2d 


01870 


01912 


01963 


01995 


02036 


02078, 




J05 


02119 


02160 


02202 


02243 


022ti4 


02325' 


02368 


02407 


02449 


02490 




1P6 


02531 ' 


0257t 


02612 


02653 


02694 


02785 


02776 


02816 


02857 


02898 




107 


02938 


02979 


03010 ' 


03060 


03100 


03141 


03181 


03222 


03262, 


03302 




108 


03342 


03983 


03423 


03463 


03503 


03543 


03583 


03623 


03663 


03703 




1S2 

110 


03743 


03782 


03822 
04218 


0386'^ 
04258 


03902 
04297 


03941 
043* 


03981 
04376 


04021 
04415 


04060 (MlOO 




04139 


04179 


04464 04493 




111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


04805' 


04844 


04883 




112 


.04922 


04961 


04999 


0503a 


050^7 


05115 


05154 


05192 


05231 


05269 




Il3 


05308 


05346 


05385 


05423 


05461 


05500 


05538 


05576 


056r4 


05652 




.UA 


05690 


05729 


05767 


05805 


05843 


05881 


05918 


05966 


05994 


06032 




n5 


06070 


06108 


06145 


06183 


06221 


06258 


06296 


06333 


06371 


06408 




U6 


06446 06483 


06521 


06558 


06595 


06633 


^6670 


06707 
07078 


06744 


06781 




117 


06819 06856 


06893 


06930 


06967 


07004 


07041 


07115 


07161 




1J8 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07518 




li9 
220 


07555 
07918 


07591 
07954 


07628 


07664 


07760 


07737 
08099 


07773 
08135 


07809 
08171 


07846 


07862 




07990* 


08027 


08063 


08207 


08243 




121 


08279 


08314 


08350 


08386' 


084^' 


08458 


08493 


08529 


08565 


O0600 




122 


08636 


08^72 


08^07 


08743 


0877iJ 


08814 


08849 


08884 


08920 


08955 




123 


08991 


090:26 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 




124 


09342 


09377 


09412 


09447 


09482 


09517 


095^2 


09587 


09621 


08666 




120 


09691. 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


09968 


loooa 




126 


10037 


100^ 


10106 


[10140 


101f5 


10209 


10243 


10278 


10312 


10346 




1^7 


10300 


10415 


10449 


10483 


10517 


10551 


10585 


10619 


10663 


10667 




128 


10721 


10755 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 




129 
130 


11059 
11394 


11093 


.11126 


11160 
11494 


11193 
1152b 


11227 
11561 


11261 
11594. 


11294 
11628 


11327 
11661 


11361 




11428 


11461 


11694 




131 


11727 


11700 


U793 


11826 


11860 


11893 


11926 


11969 


11992 


12024 




182 


13fl&7 


12090 


12123 J 


32156 


12189 


12222 


12254 


12287 


12320 


1235S 




133 


123a5 


12418 


12450 


12483 


12616 


12548 


12581 


12615 


12646 


12678 


a 


134 


12710 


12743 


12775 


12808 


12840 


12872 


12905 


12937 


12969 


13001 




135 


13033 


13066 


13098 


13130 


13162 


13194 


13226 


13958 


13290 


1332ii 




136 


13354 


13S86 


13418 


13450 


13481 


13513 


13545 


13577 


13609 


1364( 




137 


13672 


13704 


13735 


13767 


13799 


13880 


13862 


13893 


13925 


1395( 




13a 


13988 


14dl9 


14051 


14082 


14114 


14145 


14176 


14208 


14239 


1427( 




13» 
140 


14301 


14333 
14644 


14864 

14675 


14395 
14706 


14426 
14737 


14457 


14480 


14520 
14829 


14551 

14860 


1450S 




14613 


14768 


14799 


1489] 




1-41 


14922 


14953 


14983 


15014 


15045 


15076 


15106 


15137 


15168 


I510f 




142 


15229 


15259 


15290 


15320 


15351 


15381 


15419 


15442 


15473 


165a' 




143 


16534 


15564 


15594 


15625 


15655 


15685 


15715 


15746 


15776 


1580( 




144 


15836 


15860 


15897 


16927 


15957 


15987 


16017 


1^047 
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\6Wi 




145 


16137 


16167 


16197 


16227 


16256 


16286 


16316 


1^346 


16376 


1640< 




146 


16435 


16465 


16495 


16524 


16554 


16584 


16613 


16643 


16673 


W70S 




147 


16732 


167161 


16791 


1^820 


16850 


16879 


16909 


16938 


1^967 


1699^ 




148 


17026 


17056- 


17085 


nii4 


17143 


17173 


17302 


17231 


17260 


1728( 




140 
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17346 


17377 
i'*6e7 


17406 


17435 


17464 
17754 


17493 


17522 


17551 
17840 


1758( 




150 1 17609 


17638 


17696 


17725 


17782 


17811 


17861 


1 
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M7896 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


1816( 


• 


15S 


18184 


13213 


18241 


18270 


18298 


18327 


18365 


18384 


18412 


18441 




153 


18409 


18498 


13526 


18554 


18583 


18611 


18639 


18667 


18696 


1872^ 
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18752 


18780 


18808 


18837 


18865 


18893 


18921 


18949 


18977 


1900; 
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1,9033 
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.19080 
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19145 


19173 


19201 


19229 


19257 


1928.^ 
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f9312 


19340 


19368 


10396 
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19451 


19479 
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19535 
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L<^aritbm8 from I to IO,0(Kt 
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1 


2 


3 


160 


20412 


20439 


20466 


20493 


61 


20683 


207.10 


20737 


20763 


.62 


20952 


20978 


,21005 


21032 
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21219 


21245 


21272 


21299 


164 


21484 


21511 


21537 


21564 


165 


[ 21748 


21775 


21801 


21827 


166 


2-2011 


22037 


22063 


22089 


167' 


2&72 


22298 


22324 


22350 


168 


22531 


22557 


22583 


22608 


169 


22789 
23045 


228U 
23070 


22840 


22866 
23121 


170 


23096 


171 


23300 


23325 


23350 


23376 


172 


23553 


23678 


23603 


23629 


173 


23805 


23830 


23855 


23880 


174 


24055 


24080 


24105 


24130 


175 


24304 


24329 


24353 


24378 


176 


24551 


24576 


24601 


24625 


177 


24797 


24822 


24846 


24871 


178 


25042 


25066 


25091 


25115 


179 


25285 


253ia 
25551 


25334 


25600 


L80 


25527 


25575 


181 


25768 


25792 


2581& 


25840 


182 


26007 


26031 


26055 


26079 


183 


26245 


26269 


26293 


26316 


184 


26482 


26506 


26529 


26553 


185 


26717 


26741 


26764 


26788 


L86 


26951 


26975 


26998 


27021 


187 


27184 


27207 


27231 


27254 


188 


27416 


27439 


27462 


27485 


89 


27646 
27875 


27669 


27692 


27715 
27944 


.90 


27898 


27921 


191 


28108 


28126 


28149 


28171 


192 


28330 


28353 


28375 


28398 


193 


28556 


28578 


28601 


28623 


94 


28780 


28803 


28825 


28847 


95 


29003 


29026 


29048 


29070 


96 


29226 


29248 


29270 


29292 


97 


29447 


29469 


29491 


29513 


98 


29667 


296^8 


29710. 


29732 


99 


29885 
30103 


29907 


29929 


29951 
30168 


«)0 


30125 


30146 


toi 


30320 


30341 


30363 


30384 


!02 


30535 


30557 


30678 


30600 


N)3 


30750 


30771 


30792 


30814 


t04 


30963 


30984 


3T006 


31027 


!05 


31175 


31197 


31218 


31239 


!06 


ai387 


31408 


31429 


31450 


m 


31597 


31618 


31639 


31660 


!08 


31806 


31827 


31848 


31869 


09 


32015 


32035 


32056 


32077 


io 


32222 


32243 


32263 


32284 


!11 


32428 


32449 


32469 


32490 


!12 


32634 


32654 


32675 


32695 


13 


32838 


32858 


32879 


32899 


14 


33041 


33062 


33082 


33102 


15 


33244 


33264 


33284 


33304 


16 


33445 


32(465 


33486 


33506 


17 


33646 


33666 


33686 


33706 


18 


33846 


33866 


33885 


33905 


19 


^4044 


34064 


34084 


34104 



20520 
20790 
21059 
21325 
21590 
21854 
22115 
22376 
22634 
22891 

23147 
2340> 
23654 
23905 
24155 
24403 
24650 
24895 
25139 
25382 

25624 
25864 
26102 
2634Q 
26576 
26811 
27045 
272^/7 
27508 
27738 

27967 
28194 
28421 
28646 
28870 
29092 
29314 
29535 
29754 
29973 

30190 
30406 
30621 
30835 
31048 
31260 
31471 
31681 
31890 
32098 

32305 
32510 
32715 
32919 
33122 
33325 
33526 
33726 
33925 
34124 



20548 
20617 
21085 
21352 
21617 
21880 
22141 
22401 
22660 
22917 

23172 
23426 
23679 
23930 
24180 
24428 
24674 
24920 
25164 
1 25406 

25648 
25888 
26126 
26364 
26600 
26834 
27068 
27300 
I 27531 
^7761 

27989 
28217 
28443 
28668 
28892 
29115 
29336 
29557 
29776 
29994 

30211 
30428 
30643 
30856 
31069 
31281 
31492 
31702 
31911 
32118 

32325 

32531 

32736 

32940 

33143 

33345 

33546* 

33746 

33945 

34143 



6 


7 


20575 
20844 
21112 
21378 
21643 
21906 
22167 
22427 
22686 
22943 

23198 
23452 
23704 
2395S 
24204 
24452 
24699 
24944 
25188 
25431 

25672 
25912 
26150 
26387 
26623 
26858 
27091 
27323 
27554 
27784 


20602 
20871 
21139 
21405 
21669 
21932 
22194 
22453 
22712 
22968 

2322a 
23477 
23729 
23980 
24229 
24477 
24724 
24969 
25212 
25455 

25696 
25935 
26174 
26411 
26647 
26881 
27114 
27346 
27577 
27807 

28035 
28262 
28488 
28713 
28937 
29159 
29380 
29601 
29820 
30038 

30255 
90471 
30685 
30899 
31112 
31323 
31534 
31744 
31952 
32160 


28012 
28240 
28466 
28691 
28914 
29137 
29358 
29579 
29798 
30016 

30233 
30449 
30664 
30878 
31091 
31302 
31513 
31723 
31931 
32139 

r^2t<46 
32552 
32756 
32960 
33163 
33365 
33566 
33766 
33965 
34163 


32366 
32572 
32777 
32980 
33183 
33385 
33586 
33786 
33985 
34183 



8 



20629 
20898 
21165 
^21431 
21696 
21958 
22220 
22479 
22737 
22994 

23249 
23502 
23754 
24005 
24254 
24502 
24748 
24993 
25237 
25479 

25720 
25959 
26198 
26435 
26670 
26906 
27138 
27370 
27600 
27830 

28058 

28285 

28511 

28735 

28959 

29181 

2940a 

29623 

29842 

30060 

30276 
30492 
30707 
30920 
31133 
31345 
31555 
31765 
31973 
3218T 

32387 
32593 
32797 
33001 
33203 
33405 
33606 
33806 
34006 
34203 



9 

20656 
20925 
21192 
21458 
21722 
21985 
22246 
22505 
22763 
23019 

23274 
23528 
23779 
24030 
24279 
24527 
24773 
25018 
25261 
25508 

25744 
25983 
26221 
26458 
26694 
26928 
27161 
27393 
27623 
27852 

28081 
28307 
28533 
28758 
28981 
29203 
29425 
29645 
29863 
3008 1 

30298 
30514 
30728 
30942 
31154 
31366 
31576 
31785 
31994 
32201 

32408 
32613 
32818 
33021 
33224 
33425 
33696 
33826 
34025 
34223 



Logarithms from 1 to 10,000. 






No. 

221 
222 
223 
224 
225 
226 
227 
228 
229 

230 
231 
232 
233 
234 
235 
236 
237 
238 
239 

240 
241 
242 
243 
244 
245 
246 
247 
248 
240 

250 
251 
252 
253 
254 
255 
256 
257 
258 
259 

260 
261 
262 
263 
264 
265 
266 
267 
268 
269 

270 
271 
272 
273 
274 
275 
276 
277 
278 
279 



34242 

34439 

34635 

34830 

35025] 

35218 

35411 

35608 

35793 

35984 

36173 
36361 
36549 
36736 
36922 
37107 
37291 
37475 
37658 
37840 

38021 
38202 
38382 
38561 
38739 
38917 
39094 
39270 
39445 
39620 

39794 
39967 
40140 
40312 
40483 
40654 
40824 
40993 
41162 
41330 

41497 
41664 
41830 
41996 
42160 
42325 
42488 
42651 
42813 
42975 

43136 
43297 
43457 
43616 
43775 
43933 
44091 
44248 
44404 
44560 



34262 
34459 
34655 
34850 
35044 
35238 
35430 
35622 
35813 
36003 

36192 
3638a 
36568 
36754 
36940 
37125 
37310 
37493 
37676 
37858 

38039 
38220 
38399 
38578 
38757 
38934 
39111 
39287 
39463 
39637 

39811 
39985 
40157 
40329 
40500 
40671 
40841 
41010 
41179 
41347 

41514 
41681 
41847 
42012 
42177 
42341 
42504 
42667 
42830 
42991 

43152 
43313 
43473 
43632 
43791 
43949 
44107 
44264 
44420 
44578 



34282 

34479 

34674 

34869 

35064 

35257 

35449 

35641 

358321 

36021 

36211 
36399 
36586 
36773 
36959 
37144 
37328 
37511 
37694 
37876 

38057 
38238 
38417 
38596 
38775 
38952 
39129 
39305 
39480 
39655 

39329 
40002 
40175 
40346 
40518 
40688 
40658 
41027 
41196 
41363 

41531 
41697 
41863 
42029 
42193 
42357 
42521 
42684 
42846 
4300 8 

43169 
43329 
43489 
43648 
43807 
43965 
^122 
44279 
44436 
44592 



34301 
34498 
34694 
34889 
35083 
35276 
35468 
35660 
35851 
36040 

36229 
36418 
36605 
36791 
36977 
37162 
37346 
37530 
37112 
37894 

38075 
38256 
38435 
38614 
38792 
38970 
39146 
39322 
39498 
39672 

39846 
40019 
40192 
40364 
40535 
40705 
40875 
41044 
41212 
41380 

41547 
41714 
41880 
42045 
42210 
42374 
42537 
42700 
42862 
43024 

43185 
43345 
43505 
43664 
43823 
43981 
44138 
44295 
44451 
44607 



34321 
34518 
34713 
34908 
35102 
35295 
35488 
35679 
35870 
36059 

36248 
36436 
36624 
36810 
36996 
37181 
37365 
37548 
37731 
37912 

38093 
* 38274 
38453 
38632 
38810 
38987 
39164 
39340 
39515 
39690 

39863 
40037 
40209 
40381 
40552 
40722 
40892 
41061 
H1229 
41397 

41564 
41731 
41896 
42062 
42226 
42390 
42553 
42716 
42878 
4304<t 

43201 
43361 
43521 
43680 
43838 
43996 
44154 
44311 
44467 
44623 



6 


6 


7 


34341 
34537 
34733 
34928 
35122 
35315 
35507 
35698 
35889 
36078 

36267 
36455 
36642 
36829 
37014 
37109 
37383 
37566 
37749 
37931 

38112 
38292 
38471 
38650 
38828 
39005 
39182 
39358 
39533 
39707 


34361 
34557 
34753 
34947 
35141 
35334 
35526 
35717 
35908 
36097 

36286 
36474 
36661 
36847 
37033 
37218 

37585 
37767 
37949 

38130 
38310 
38489 
38668 
38846 
39023 
39199 
39375 
39550 
39724 

39898 
40071 
40243 
40415 
40686 
40756 
40926 
41095 
41263 
41430 

41597 
41764 
41929 
42095 
42259 
42423 
42586 
42749 
42911 
43072 

43233 
43393 
43553 
43712 
43870 
44028 
44185 
44342 
44498 
44654 


34380 
34577 
34772 
34967 
35160 
35a'>3 
35545 
35736 
35927 
36116 

36305 
36493 
36680 
36866 
37051 
37236 
37420 
37603 
37785 
37967 

38148 
38328 
38507 
38686 
38863 
39041 
39217 
39393 
39568 
39742 


39881 
40054 
40226 
40S98 
40569 
40739 
40909 
41078 
41246 
41414 

41581 
41747 
41913 
42078 
42243 
42406 
42570 
42732 
42894 
43a56 

43217 
43377 
43537 
43696 
43854 
44012 
44170 
44326 
44483 
44038 


39915 
40088 
40261 
40432 
40603 
40773 
40943 
41111 
41280 
41447 

41614 
41780 
41946 
42111 
42275 
42439 
42602 
42765 
42927 
43088 


43249 
43409 
43569 
43727 
43886 
44044 
44201 
44358 
44514 
44669 



34400 
34596 
34792 
34986 
35180 
35372 
35564 
35755 
35946 
36105 

36324 
36511 
36698 
36884 
37070 
37254 
37438 
37621 
37803 
37985 

38166 
^8346 
38525 
38703 
38881 
39058 
39235 
39410 
39585 
39T59 

39933 
40106 
40278 
40449 
40620 
40790 
40960 
41128 
41296 
41464 

41631 
41797 
41963 
42127 
42292 
42455 
42619 
42781 
42943 
43104 

43265 
43425 
43584 
43743 
43902 
44059 
44217 
44373 
44529 
44685 



9 

34420 
34616 
34811 
35005 
35199 
35392 
35583 
3^74 
35965 
36164 

36342 
26530 
36717 
36903 
37088 
37273 
37457 
37639 
37022 
38003 

38184 
38364 
38543 
38721 
38899 
39076 
39252 
39428 
39602 
39777 

39950 
40123 
40295 
40466 
40637 
40807 
40976 
41145 
41313 
41481 

4164*7 
41814 
41979 
42144 
42308 
4247S 
42635 
42797 
4295S 
4312C 

43281 
43441 
436O0 
4375S 
43917 
44075 
4423S 
4438S 
44545 
44700 
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Logariflnns from 1 to 10,000. 



No. 





1 


2 


3 


4 


5 


6 


7 


8 


« 


280 


44716 


44731 


44747 


44762 


44778 


44793 


44809 


[44824 


44840 


44855 


281 


44871 


44886 


44902 


44917 


44932 


44948 


44963 


44979 


44994 


45010 


282 


45025 


45040 


45056 


45071 


45086 45102 


45117 


45133 


45148 


45163 


283 


45179 


45194 


45209 


45225 


[45240 


45255 


45271 


45286 


45301 


45317 


284 


45332 


45347 


45362 


45378 


45393 


45408 


45423 


45439 


45454 


45469 


285 


45484 


45500 


45515 


45530 


45545 


45561 


45576 


45591 


45606 


45621 


286 


45637 


45652 


45667 


45682 


45697 


45712 


45728 


45743 


45758 


. 45773 


287 


45788 


45803 


45818 


45834 


45849 


45864 


45879 


^ 45894 


45909 


45924 


288 


45939 


[45954 


45969 


45984 


46000 


46015 


46030 


46045 


46060 


46075 


289 
290 


46090 
46240 


46105 
46255 


46120 
46270 


46135 


46150 
46300 


46165 


46180 


46195 
46345 


46210 
46359 


46225 
46374 


46285 


463}5 


46330 


291 


46389 


46404 


46419 


46434 


46449 


46464 


46479 


46494 


46509 


46523 


292 


46538 


46553 


46568 


46583 


46598 


46613 


46627 


46642 


46657 


46672 


293 


46687 


46702 


46716 


46731' 


46746 


46761 


46776 


46790 


46805 


46820 


294 


46835 


'46850 


46864 


46879 


46894 


46909 


46923 


46938 


46953 


46967 


295 


46982 


46997 


47012 


47026 


47041 


47056 


47070 


47085 


47100 


47114 


296 


47129 


47144 


47159 


47173 


47188 


47202 


47217 


47232 


47246 


47261 


297 


47276 


47290 


47305 


47319 


47334 


47349 


47363 


47378 


47392 


47407 


298 


47422 


47436 


47461 


47465 


47480 


47494 


47509 


47524 


47538 


47553 


299 
300 


47567 
47712 


47582 

47727 


47596 
47741 


47611 
47766 


47625 
47770 


47640 


47654 
47799 


47669 
47813 


47683 
47828 


47698 
47842 


47734 


301 


47857 


47871 


47885 


47900 


47914 


47929 


47943 


47968 


47972 


47986 


302 


48001 


48015 


48029 


48044 


48058 


48073 


48087 


48101 


48116 


48130 


303 


48144 


48159 


48173 


48187 


48202 


48216 


48230 


48244 


48259 


48273 


304 


48287 


48302 


48316 


48330 


48344 


48359 


48373 


48387 


48401 


48416 


305 


48430 


48444 


48458 


48473 


48487 


48501 


485J5 


48530 


48544 


48558 


306 


4H572 


48586 


48601 


48615 


48629 


48643 


48657 


486T1 


48686 


48700 


307 


48714 


48728 


48742 


48756 


48770 


48786 


48799 


48813 


48827 


48841 


308 


48855 


48869 


48883 


48897 


48911 


48926 


48940 


48954 


48968 


48982 


309 
310 


48996 
49136 


49010 
49150 


49024 
49164 


49038 


49052 
49192 


49066 


49080 


49094 
49234 


49108 
49248 


49122 
49262 


49178 


49206 


49220 


311 


49276 


49290 


49304 


49318 


49832 


49346 


49360 


49374 


49388 


49402 


312 


49415 


49429 


49443 


49457 


494m 


49485 


49499 


49513 


49527 


49541 


313 


49554 


49568 


49582 


49596 


496)0 


49624 


49638 


49651 


49665 


49679 


314 


49693 


49707 


49721 


49734 


49748 


49762 


49776 


49790 


49803 


49817 


315 


49831 


49845 


49859 


49872 


49886 


49900 


49914 


49927 


49941 


49955 


316 


49969 


49982 


49996 


50010 


50024 


60037 


50051 


50065 


50079 


50092 


317 


50106 


50120 


50133 


50147 


50161 


50174 


50188 


50202 


50215 


50229 


318 


50243 


50256 


50270 


50284 


60297 


50311 


60825 


50338 


50352 


50365 


319 
320 


50379 
50515 


50393 


50406 


50420 


50433 
50569 


60447 


60461 
50596 


50474 


50488 
50623 


50501 
50637 


50529 


50542 


50556 


60583 


50610 


321 


50651 


50664 


50678 


50691 


60705 


50718 


50732 


50745 


50759 


50772 


322 


50786 


50799 


50813 


60826 


50840 


50653 


50866 


60880 


50893 


50907 


323 


50920 


50934 


50947 


50961 


60974 


50987 


51001 


51014 


51028 


51041 


324 


51055 


51068 


51081 


51095 


51108 


61121 


51135 


51148 


51162 


51175 


325 


51188 


51202 


51215 


51228 


51242 


51255 


61268 


51282 


51295 


51308 


326 


51322 


51335 


51348 


51362 


51375 


51388 


514C2 


51415 


51428 


51441 


327 


51455 


51468 


51481 


51495 


51506 


51521 


51534 


51548 


51561 


51574 


328 


51587 


51601 


51614 


51627 


51640 


51654 


51667 


51680! 51693; 517061 


329 
330 


51720 
51851 


51733 
51865 


51746 


51759 


61772 
51904 


51786 
51917 


51799 
51930 


51812 
51943 


51825 


51838 
51970 


51878 


51891 


51957 


331 


51983 


51996 


52009 


52022 


52035 


52048 


52061 


52075 


52088 


52H)1 


332 


52114 


52127 


52140 


52153 


52166 


52179 


52192 


52205 


52218 


52231 


»« 


52244 


52257 


52270 


52284 


52297 


52310 


52323 


52336 


52349 


52362 


334 


52375 


52388 


62401 


52414 


52427 


52440 


62453 


52466 


52479 


52492 


3!:<5 


52504 


52517 


52530 


52543 


52556 


52569 


52582 


52595 


52608 


52621 


336 


52634 


52647 


52660 


52673 


52686 


52699 


52711 


52724 


5273T 


52750 


337 


52763 


52776 


52789 


52802 


52815 


52827 


52840 


52853 


52866 


52879 


338 


52892 


52905 


52917 


52930 


52943 


52956 


52969 


52982 


52994 


53007 


339 i 53020 


53033 


53046 


53058 


53071 


53084 


53097 


53110 


53122 i S3I35J 



Logarithms from 1 to 10,000. 



9 



No. 

340 
341 
342 
343 
344 
345 
346 
347 
348 
349 

350 
351 
352 
353 
354 
355 
356 
357 
358 
359 

360 
361 
362 
363 
364 
366 
366 
367 
368 
369 

370 
371 
372 
373 
374 
375 
376 
377 
378 
379 

380 
381 
382 
383 
384 
385 
386 
387 
388 
389 

390 
391 
392 
393 
394 
395 
396 
397 
398 
[399 





1 


2 


3 


4 


5 


6 


7 


8 

53250 
53377 
53504 
53631 
63757 
53882 
54008 
54133 
54258 
54382 

54506 
54630 
54753 
54876 
54998 
551^1 
55242 
55364 
55485 
55606 

55727 
55847 
55967 
56086 
56205 
56384 
56443 
56561 
56679 
56797 

66914 
67031 
67148 
57264 
67380 
57496 
57611 
57726 
57841 
57955 

68070 
58184 
58297 
68410 
58524 
58636 
68749 
58861 
58973 
59084 

59195 
59306 
69417 
59528 
59638 
59748 
59867 
59966 
60076 
60184 


9 


53148 
53275 
53403 
53529 
53656 
53782 
53908 
54033 
54158 
54283 

54407 
54531 
54654 
64777 
64900 
55023 
55145 
55267 
55388 
65509 

55630 
55751 
55871 
55991 
56110 
56229 
56348 
56467 
56586 
56703 

56820 
56937 
67aS4 
57171 
57287 
57403 
57519 
67634 
67749 
57864 

57978 
58092 
68206 
68320 
58433 
68546 
58659 
58771 
58883 
58995 

69106 
59218 
59329 
59439 
59550 
5966u 
59770 
59879 
59988 
60097 


53151 
53288 
63415 
53542 
5366^ 
53794 
53920 
54045 
54170 
64295 

54419 
54543 
54667 
54790 
64913 
55035 
55157 
55279 
55400 
55622 

55642 
55763 
55883 
56003 
56122 
56241 
56360 
56478 
56597 
56714 

56832 
56949 
67066 
57183 
67299 
67415 
57530 
57646 
57761 
57875 

57990 
68104 
58218 
58331 
58444 
58567 
68670 
58782 
58894 
59006 

69118 
59229 
59340 
59450 
59561 
59671 
59780 
59890 
59999 
60108 


53173 
53301 
53428 
63555 
53681 
53807 
53933 
54058 
54183 
54307 


53186 
53314 
53441 
53567 
63694 
53820 
53945 
54070 
54195 
54320 

54444 
54568 
54691 
54814 
54937 
55060 
55182 
55308 
55425 
65546 


53199 
53326 
63453 
53580 
53706 
53832 
63968 
54083 
54208 
54332 


53212 
53339 
63466 
53593 
53719 
63845 
53970 
64095 
54220 
54345 

54469 
54593 
54716 
54839 
54962 
55084 
55206 
55328 
55449 
55570 


53224 
53352 
53479 
53605 
53732 
53857 
53983 
54108 
54233 
54357 

54481 
54605 
54728 
54851 
54974 
55096 
55218 
55340 
55461 
55582 

55703 
55823 
55943 
56062 
56182 
56301 
56419 
56538 
56656 
56773 

56891 
67008 
57124 
57241 
57357 
57473 
57588 
67703 
57818 
5793:^ 

68047 
68161 
68274 
68388 
58501 
58614 
68726 
68838 
58950 
69062 

59173 
6(1284 
59395 
59506 
59616 
59726 
69835 
69945 
60054 
60163 


53237 
53364 
53491 
53618 
63744 
53870 
63995 
54120 
54246 
54370 


53263 
53390 
53517 
53643 
63769 
53895 
54020 
54145 
54270 
54394 


54432 
54555 
54679 
54802 
54925 
55047 
55169 
55291 
55413 
55534 

55654 
55775 
55896 
56015 
56134 
56253 
56372 
66490 
56608 
56726 


54456 
54580 
54704 
54827 
54949 
55072 
55194 
55315 
55437 
55558 

55678 
55799 
55919 
56038 
56158 
56277 
56396 
56514 
56632 
56750 

56867 
56984 
57101 
57217 
57334 
57449 
57565 
57680 
57795 
57910 


54494 
54617 
54741 
^4864 
54986 
55108 
55230 
55352 
55473 
55594 


54518 
54642 
54765 
54888 
56011 
65133 
55255 
55376 
55497 
55618 


55666 
55787 
55907 
66027 
56146 
56265 
56384 
56502 
56620 
66738 

56855 
56972 
57089 
57206 
57322 
57438 
57563 
57669 
57784 
57898 

58013 
58127 
58240 
58354 
68467 
68580 
68692 
68805 
58917 
59028 

69140 
59251 
69362 
59472 
59583 
59693 
59802 
59912 
60021 
60130 


55691 
55811 
55931 
56060 
56170 
56289 
56407 
56526 
56644 
56761 

56879 
56996 
57113 
57229 
57345 
57461 
57576 
57692 
57807 
57921 

58035 
68149 
58263 
68377 
58490 
58602 
58715 
58827 
58939 
J)905l 

69162 
59273 
69384 
69494 
59605 
59715 
59824 
59934 
60043 
60152 


55715 
55835 
55955 
56074 
56194 
56312 
56431 
56549 
56667 
56785 

56902 
57019 
67136 
57252 
57368 
67484 
57600 
57T15 
57830 
67944 

58058 
58172 
58286 
58399 
58512 
58625 
58737 
58850 
58961 
59073 

59184 
59295 
59406 
59517 
69627 
59737 
59846 
59956 
60065 
60173 


56739 
55859 
55979 
56098 
56217 
66336 
56465 
56573 
56691 
56808 


56844 
56961 
57078 
57194 
57310 
57426 
57542 
57657 
57772 
57887 

68001 
58115 
58229 
58343 
68456 
68569 
58681 
58794 
68906 
59017 

69129 
69240 
59351 
59461 
69572 
59682 
59791 
59901 
60010 
60119 


56926 
57043 
57159 
57276 
57392 
57507 
57623 
57738 
57852 
57967 


58024 
58138 
58252 
5836£i 
68478 
58591 
58704 
68816 
58928 
59040 


58081 
58195 
58909 
58422 
58536 
58647 
58760 
58872 
58984 
69095 


59151 
59262 
59373 
59483 
59594 
59704 
59813 
5f)923 
60032 
60141 


59207 
69318 
59428 
69539 
59649 
59759 
59868 
59977 
60086 
60195 



IJ 
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Logarithms from 1 to 10,000. 



No. 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 
412 
413 
414 
415 
416 
417 
418 
419 

420 
421 
422 
423 
424 
425 
426 
427 
428 
429 

430 
431 
432 
433 
434 
435 
436 
437 
438 
439 

440 
441 
4^ 
443 
444 
445 
446 
447 
448 
449 

i*50 
451 
452 
453 
454 
455 
456 
457 
458 
459 





1 


2 


3 


4 


: ^ 


6 


7 


8 


9 


60206 
60314 
60423 
60531 
60638 
60746 
60853 
60959 
61066 
61172 


60217 
60325 
60433 
60541 
60649 
60756 
60863 
60970 
61077 
61183 


60228 
60336 
60444 
60552 
60660 
60767 
60874 
60981 
61087 
61194 

61300 
61406 
61511 
61616 
61721 
61828 
61930 
62034 
62138 
62242 

62346 
62449 
62552 
62655 
62757 
62859 
62961 
63063 
63165 
69266 


60239 
60347 
60455 
60563 
60670 
60778 
60685 
60991 
61098 
61204 


60249 
60358 
60466 
60574 
60681 
60788 
60885 
61002 
61109 
61215 

61321 
61426 
61532 
61637 
61742 
61847 
61951 
62055 
62159 
62263 

62366 
62469 
62572 
62675 
62778 
62880 
62982 
63083 
63185 
63286 

63387 
63488 
63589 
63689 
63789 
63889 
63988 
64088 
64187 
64286 

64385 
64483 
64582 
64^80 
64777 
64875 
64972 
65070 
65167 
65263 

65360 
65456 
65552 
65648 
65744 
65839 
65935 
66030 
66124 
66219 


60260 
60369 
60477 
60584 
60692 
60799 
60906 
61013 
61119 
61225 

61331 
61437 
61542 
61648 
61752 
61857 
61962 
62066 
62170 
62273 


60271 
60379 
60487 
60595 
60703 
60810 
60917 
61023 
61130 
61236 


60282 
60390 
60498 
60606 
60713 
60821 
60927 
61034 
61140 
61247 

61352 
61458 
61563 
61669 
61773 
61878 
61982 
62086 
62190 
62294 

62397 
62500 
62603 
62706 
62808 
62910 
63012 
63114 
63215 
63317 


60293 
60401 
60509 
60617 
60724 
60831 
60938 
61045 
61151 
61257 

61363 
61469 
61574 
61679 
61784 
61888 
61993 
62097 
62201 
62304 

62408 
62511 
62613 
62746 
62818 
62921 
63022 
63124 
63225 
63327 

63428 
63528 
63629 
63729 
63829 
63929 
64028 
64128 
64227 
64326 

64424 
64523 
64621 
64719 
64816 
64914 
65011 
65108 
65205 
65302 

65398 
65495 
65591 
65686 
65782 
65877 
65973 
66068 
66162 
66257 


60304 
60412 
60520 
60627 
60735 
60842 
60949 
61055 
61162 
61268 


61278 
61384 
61490 
61595 
61700 
61805 
61009 
62014 
62118 
62221 


61289 
61395 
61500 
61606 
61711 
61815 
61920 
62024 
62128 
62232 


61910 
61416 
61521 
61627 
61731 
61836 
61941 
62045 
62149 
62252 

62356 
62459 
62562 
62665 
62767 
62870 
62872 
63073 
63175 
63276 


61342 
61448 
61553 
61658 
61763 
61868 
61972 
62076 
62180 
62284 

62387 
62490 
62593 
62696 
62798 
62900 
63002 
63104 
63205 
63306 

63407 
63508 
63609 
63709 
63809 
63909 
64008 
64108 
64207 
64306 


61374 
61479 
61584 
61690 
61794 
61899 
62003 
62107 
62211 
62315 


62325 
62428 
62531 
62634 
62737 
62839 
62941 
63043 
63144 
63246 


62335 
62439 
62542 
62644 
62747 
62849 
62951 
63053 
63155 
63256 


62377 
62480 
62583 
62685 
62788 
62890 
62992 
63094 
63195 
63296 


62418 
62521 
62b24 
62726 
62R«> 
62931 
63033 
63134 

a'W36 

63337 

63438 
6a53R 
63639 
63739 
63839 
63939 
64038 
64137 
64237 
64335 


63347 
63448 
63548 
63649 
63749 
63849 
63949 
64048 
64147 
64246 


63357 
63458 
6,1558 
63659 
63759 
63859 
63959 
64058 
64157 
64256 


63367 
63468 
63568 
63669 
63769 
63869 
63969 
64068 
M167 
64266 


63377 
63478 
63579 
63679 
63779 
63879 
63979 
64078 
64177 
64276 


63397 
63498 
63599 
63699 
63799 
63899 
63998 
64098 
64197 
64296 


63417 
63518 
63619 
63719 
63819 
63919 
64018 
64118 
64217 
64316 

64414 
64513 
64611 
64709 
64807 
64904 
66002 
65099 
65196 
65292 

65389 
65485 
65581 
65677 
65772 
65868 
65963 
66058 
66153 
66247 


64345 
64444 
64542 
64640 
64738 
64836 
64933 
65031 
65128 
65225 


64355 
64454 
64552 
64650 
64748 
64846 
64943 
65040 
65137 
65234 


64365 
64464 
64562 
64660 
64758 
64856 
64953 
65050 
65147 
65244 

65341 
65437 
65533 
65629 
65725 
65820 
65916 
66011 
66106 
66200 


64375 
64473 
64572 
64670 
64768 
64865 
64963 
65060 
65157 
65254 

65350 
65447 
65543 
65639 
65734 
65830 
65925 
66020 
66115 
66210 


64395 
64493 
64591 
64689 
64787 
64885 
64982 
65079 
65176 
65273 

65369 
65466 
65562 
65658 
65753 
65849 
65944 
66039 
66134 
66229 


64404 
64503 
64601 
64699 
64797 
64895 
64992 
65089 
65186 
65283 

65379 
65475 
65571 
65667 
65763 
65858 
65954 
66049 
66143 
66238 


64434 
64S32 
64631 
64729 
64826 
64924 
65021 
65118 
65215 
65312 


65321 
65418 
65514 
65610 
65706 
65801 
65896 
65992 
66087 
66181 


65331 
65427 
65523 
65619 
65715 
65811 
65906 
66001 
66096 
66191 


65408 
65504 
65600 
65696 
65792 
65887 
659G2 
66077 
661T2 
66266 



"f ~ 



' ^ 



Logarithms from 1 to 10,000. 



a 



No. 

460 
461 
462 
463 
464 
465 
466 
467 
468 
469 

470 
471 
472 
473 

474 
475 
476 
477 
478 
479 

480 
481 
482 
483 
484 
485 
486 
487 
488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
498 
499 

500 
501 
502 
503 
504 
505 
506 
507 
508 
509 

510 
511 
512 
513 
514 
515 
516 
517 
518 
51.9 



66276 
66370 
66464 
66558 
66652 
66745 
66839 
66932 
67025 
67117 

67210 
67302 
67394 
67486 
67578 
67669 
67761 
67852 
67943 
68034 

68124 
68215 
68305 
68395 
68485 
68574 
68664 
68753 
68842 
68931 

69020 
69108 
69197 
69285 
69373 
69461 
69548 
69636 
69723 
69810 

69897 
69984 
70070 
70157 
70243 
70329 
70415 
70501 
70586 
70672 

70757 
70842 
70927 
71012 
71096 
71181 
71265 
71349 
71433 
71517 



66285 
66380 
66474 
66567 
66661 
66755 
66848 
66941 
67034 
67127 

67219 
67311 
67403 
67495 
67587 
67679 
67770 
67861 
67952 
68043 

68133 
68224 
68314 
68404 
68494 
68583 
68673 
68762 
68851 
68940 

69028 
69117 
69205 
69294 
69381 
69469 
69557 
69644 
69732 
69819 

69906 
69992 
70079 
70165 
70252 
70338 
70424 
70509 
70595 
70680 

70766 

70851 

70935 

71020 

71105 

71189 

71273 

71357 

71441 j 

71525 1 



2 


3 


4 


5 


66295 
66389 
66483 
66577 
66671 
66764 
66857 
66950 
67043 
67136 

67228 
67321 
67413 
67504 
67596 
67688 
67779 
67870 
67961 
68052 


66304 
66398 
66492 
66586 
66680 
66773 
66867 
66960 
67052 
67145 

67237 
67330 
67422 
67514 
67605 
67697 
67788 
67879 
67970 
68061 


66314 
66408 
66502 
66596 
66689 
66783 
66876 
66969 
67062 
67154 

67247 
67339 
67431 
.67523 
67614 
67706 
67797 
67888 
67979 
68070 

68160 
68251 
68341 
68431 
68520 
68610 
68699 
68789 
68878 
68966 

69055 
69144 
69232 
69320 
69408 
69496 
69583 
69671 
69758 
69845 


66323 
66417 
66511 
66605 
66699 
66792 
66885 
66978 
67071 
67164 

67256 
67348 
67440 
67532 
67624 
67715 
67806 
67897 
67988 
68079 

68169 
68260 
68350 
68440 
68529 
68619 
68708 
68797 
68886 
68975 

69064 
69152 
69241 
69329 
69417 
69504 
69592 
69679 
69767 
69854 


68142 
68233 
6a323 
68413 
68502 
68592 
68681 
68771 
68860 
68949 

69037 
69126 
69214 
69302 
69390 
69478 
69566 
69653 
69740 
69827 


68151 
68242 

6a'm 

68422 
68511 
68601 
68690 
68780 
68869 
68958 

69046 
69135 
69223 
69311 
69399 
69487 
69574 
69662 
69749 
69836 


69914 
70001 
70088 
70174 
70260 
70346 
70432 
70518 
70603 
70689 

70774 
70859 
70944 
71029 
71113 
71198 
71282 
71366 
71450 
71533 


69923 
70010 
70096 
70183 
70269 
70355 
70441 
70526 
70612 
70697 

70783 
70868 
70952 
71037 
71122 
71206 
71290 
71374 
71458 
71542 


69932 
70018 
70105 
70191 
70278 
70364 
70449 
70535 
70621 
70706 

70791 
70876 
70961 
71046 
71130 
71214 
71299 
71383 
71466 
71S'50 


69940 
70027 
70114 
70200 
70286 
70372 
70458 
70544 
70629 
70714 

70800 
70885 
70969 
71054 
71139 
71223 
71307 
71391 
71475 
71559 



6 



66332 
66427 
66521 
66614 
66708 
66801 
66894 
66987 
67080 
67173 

67l65 
67357 
67449 
67541 
67633 
67724 
67815 
67906 
67997 
68088 

68178 
68269 
68359 
68449 
68538 
68628 
68717 
68806 
68895 
68984 

69073 
69161 
69249 
69338 
69425 
69513 
69601 
69688 
69776 
69862 

69949 
70036 
70122 
70209 
70295 
70381 
70467 
70552 
70638 
70723 

70808 
70893 
70978 
71063 
71147 
71231 
71315 
71399 
71483 
71567 



66342 
66436 
66530 
66624 
66717 
66811 
66904 
66997 
67089 
67182 

67274 
67367 
67459 
67550 
67642 
67733 
67825 
67916 
68006 
68097 

68187 
68278 
68368 
68458 
68547 
68637 
68726 
68815 
68904 
68993 

69082 
69170 
69258 
69346 
69434 
69522 
69609 
69697 
69784 
69871 

69958 
70044 
70131 
70217 
70303 
70389 
70475 
70561 
70646 
70731 

70817 
70902 
70986 
71071 
71155 
71240 
71324 
71408 
71492 
71575 



8 

663ST 
66445 
66539 
66633 
66727 
66820 
66913 
67006 
67099 
67191 

67284 
67376 
67468 
67560 
67651 
67742 
67834 
67925 
68015 
68106 

68196 
68287 
68377 
68467 
68556 
68646 
68735 
68824 
68913 
69002 

69090 
69179 
69267 
69355 
69443 
69531 
69618 
69705 
69793 
69880 

69966 
70053 
70140 
70226 
70512 
70398 
70484 
70569 
70655 
70740 

70826 
70910 
70995 
71079 
71164 
71248 
71332 
71416 
71500 
71584 



9 

66361 
66456 
66549 
66642 
66736 
66829 
66922 
67015 
67108 
67201 

67293 
67385 
67477 
67569 
67660 
67752 
67843 
67934 
68024 
68115 

68205 
68296 
68386 
68476 
68565 
68655 
68744 
68833 
68922 
69011 

69099 
69188 
69276 
69364 
69452 
69539 
69627 
69714 
69801 
69888 

69975 
70062 
70148 
70234 
70321 
70406 
70492 
70578 
70663 
70749 

70834 
70919 
71003 
7J088 
71172 
71257 
71341 
71425 
71508 
71592 



K) 



Logarithms from 1 to 10,00a 



^•<. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


>20 


71600 


71609 


71617 


71625 


71634 


71642 


71650 


71669 


71667 


71675 


m 


71684 


71692 


71700 


71709 


71717 


71725 


71734 


71742 


71760 


71769 


>22 


71767 


71775 


71784 


71792 


71800 


71809 


71817 


71825 


71834 


71842 


'»23 


71850 


71858 


71867 


71875- 


71883 


71892 


71900 


71908 


71917 


71925 


>24 


71933 


71941 


71950 


71958 


71966 


71975 


71983 


71991 


71999 


72008 


>25 


72018 


72024 


72032 


72041 


72049 


72057 


72066 


72074 


72082 


72090 


>26 


72099 


72107 


72115 


72123 


72132 


72140 


72148 


72156 


72165 


72173 


i27 


72181 


72189 


72198 


72206 


72214 


72222 


72230 722391 


72247 


72255 


528 


72J263 


,72272 


722^ 


72288 


72296 


72304 


72313 


72321 


72329 


72337 


>29 


72346 
72428 


723^74 
72436 


72362 


72370 

72452 


72378 


72387 


72396 


72403 
72485 


72411 
72493 


72419 


530 


72444 


72460 


72469 


72477 


7'«501 


331 


72509 


72518 


72526 


72534 


72545 


72550 


72558 


72567 


72576 


72583 


532 


72591 


72699 


72607 


72616 


72624 


72632 


72640 


72648 


72656 


72665 


533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


72746 


534 


72754 


72762 


72770 


72779 


72787 


72795 


72803 


72811 


72819 


72327 


535 


72835 


72843 


72852 


72860 


72868 


72876 


72884 


72892 


72900 


72908 


536 


72916 


72925 


72933 


72941 


72949 


72957 


72966 


72973 


72981 


72989 


537 


72997 


73006 


73014 


73022 


73030 


73038 


73046 


73054 


73062 


73070 


538 


73078 


73086 


73094 


73102 


73111 


73119 


73127 


73135 


73143 


73151 


539 


73159 
73239 


73167 


73176 


73183 
73263 


73191 

73272 


73199 
73280 


73207 
73288 


73215 
73296 


73223 


73231 
73312 


540 


73247 


73255 


73304 


541 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73376 


73384 


73392 


542 


73400 


73408 


73416 


73424 


73432 


73440 


73448 


73456 


73464 


73472 


543 


73480 


73488 


73496 


73504 


73512 


73520 


73528 


73536 


73544 


73S52 


544 


73560 


73568 


73576 


73584 


73592 


73600 


73608 


73616 


73624 


73632 


545 73640 


73648 


73656 


73664 


73672 


73679 


73687 


73696 


73703 


73711 


546 


73719 


73727 


73735 


73743 


73751 


73759 


73767 


73775 


73783 


73791 


547 


73799 


73807 


73815 


73823 


73830 


73838 


73846 


73854 


73862 


73870 


548 


73878 


73886 


73894 


73902 


73910 


73918 


73926 


73933 


73941 


73949 


549 


73957 


73965 


73973 
74052 


73981 
74060 


73989 
74068 


73997 
74076 


740a5 
74084 


74013 
74092 


74020 


74028 


550 


74036 74044 


74099 


74107 


551 


74115 74123 


74131 


74139 


74147 


74165 


74162 


74170 


74178 


74186 


552 


74194 


74202 


74210 


74218 


74226 


74233 


74241 


74249 


74267 


74265 


553 


74273 


74280 


74288 


74296 


74304 


74312 


74320 


74327 


74335 


74343 


554 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


74421 


555 


74429 


74437 


74445 


74453 


74461 


74468 


74476 


74484 


74492 


74500 


556 


74507 


74515 


74523 


74631 


74539 


74547 


74664 


74562 


74570 


74578 


557 


74586 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74648 


74656 


558 


74663 


74671 


74679 


74687 


74696 


74702 


74710 


74718 


74726 


74733 


559 


74741 
74819 


74749 

74827 


74757 
74834 


74764 


74772 


74780 
74868 


74788 
74865 


74796 
74873 


74803 
74881 


74811 


560 


74842 


74850 


74889 


561 


74896 


74904 


74912 


74920 


74927 


74935 


74943 


74950 


74958 


74966 


562 


74974 


74981 


74989 


74997 


75005 


75012 


76020 


75028 


75035 


75043 


563 


75051 


75059 


75066 


75074 


75082 


75089 


75097 


75105 


76113 


75120 


564 


75128 


75136 


75143 


75151 


75159 


76166 


76174 


75182 


76189 


75197 


565 


75205 


75213 


75220 


75228 


76236 


75243 


76251 


76269 


75266 


75274 


566 


75282 


75289 


75297 


75305 


76312 


75320 


75328 


75336 


79343 


75351 


567 


753;>8 


75366 


75374 


76381 


75389 


76397 


75404 


75412 


76420 


75427 


568 


75435 


75442 


75450 


75458 


75465 


75473 


75481 


75488 


75496 


75504 


569 


75511 
75587 


75519 
75595 


75526 


75534 
75610 


76542 


75549 
76626 


75557 
75633 


75565 
75641 


75672 
75648 


75580 
75656 


570 


75603 


76618 


571 


75664 


75671 


75679 


76686 


75694 


76702 


75709 


75717 


75724 


75732 


572 


75740 


75747 


76755 


75762 


75770 


75778 


75785 


75793 


75800 


75808 


573 


75815 


75823 


75831 


75838 


76846 


75853 


75861 


76868 


75876 


75884 


574 


75891 


75899 


75906 


76914 


76921 


75929 


75937 


75944 


75952 


75959 


575 


75967 


75974 


75982 


76989 


75997 


76005 


76012 


76020 


76027 


7603^ 


576 


76042 


76050 


76057 


76065 


76072 


76080 


76087 


76096 


76103 


76110 


577 


76118 


76125 


76133 


76140 


76148 


76155 


76163 


76170 


76178 


76185 


578 


76193 


76200 


76208 


76215 


76223 


76230 


76238 


76245 


76253 


76260 


579 1 76268 1 76275 1 76283 I 76290 


76298 


76305 


76313 


76320 1 76328 


763351 



^ ' 



Logarithms from* 1 to 10,000^ 



101 



No. 

580 
581 
582 
583 
584 
585 
586 
587 
588 
589 

590 
591 
592 
593 
594 
595 
596 
597 
598 
599 

600 
601 
602 
603 
604 
605 
606 
607 
608 
609 

610 
611 
612 
613 
614 
615 
616 
617 
618 
619 

620 
621 
622 
623 
624 
625 
626 
627 
628 
629 

630 
631 
632 
633 
634 
635 
636 
637 
630 
639 





1 


S 


3 


4 


5 


6 


7 


8 


« 


76343 
76418 
76492 
76567 
76641 
76716 
76790 
76864 
76938 
77012 

77085 
77159 
77232 
77305 
77379 
77452 
77525 
77597 
77670 
77743 

77815 
77887 
77960 
78032 
78104 
78176 
78247 
78319 
78390 
78462 

78533 
78604 
78675 
78746 
78817 
78888 
78958 
79029 
79099 
79169 

79239 
79309 
79379 
79449 
79518 
79588 
79657 
79727 
79796 
79865 

79934 
80003 
80072 
80140 
80209 
80277 
80346 
80414 
80482 
80550 


76350 
76425 
76500 
76574 
76649 
76723 
76797 
76871 
76945 
77019 

77093 
77166 
77240 
77313 
77386 
77459 
77532 
77605 
77677 
77750 

77822 
77895 
77967 
78039 
78111 
78183 
78254 
78326 
78398 
78469 

78540 
78611 
78682 
78753 
78824 
78895 
78965 
79036 
79106 
79176 

79246 

79316 

79386 

79456 

79525 

79595' 

79664 

79734 

79803 

79872 

79941 
80010 
80079 
80147 
80216 
80284 
80353 
80421 
80489 
80557 


76358 
76433 
76507 
76582 
76656 
76730 
76805 
76879 
76953 
77026 

77100 
77173 
77247 
77320 
77393 
77466 
77539 
77612 
77685 
77757 

77830 
77902 
77974 
78046 
78118 
78190 
78262 
78333 
78405 
78476 

78547 
78618 
78689 
78760 
78831 
78902 
78972 
79043 
79113 
79183 

79253 
79323 
79393 
79463 
79532 
79602 
79671 
79741 
79810 
79879 

79948 
80017 
80085 
80154 
80223 
80291 
80359 
80428 
80496 
80564 


76365 
76440 
76515 
76589 
76664 
76738 
76812 
76886 
76960 
77034 

77107 
77181 
77254 
77327 
77401 
77474 
77546 
77619 
77692 
77764 

77837 
77909 
77981 
78053 
78125 
78197 
78269 
78340 
78412 
78483 

78554 
78625 
78696 
78767 
78838 
78909 
78979 
79050 
79120 
79190 

79260 
79330 
79400 
79470 
79539 
79609 
79678 
79748 
79817 
79886 

79955 
80024 
80092 
80161 
80229 
80298 
80366 
80434 
80502 
80570 


76373, 

76448 

76522 

76597 

76671 

76745 

76819 

76893 

76967 

77041 

77115 
77188 
77262 
77335 
77408 
77481 
77554 
77627 
77699 
77772 

77844 
77916 
77988 
78061 
78132 
78204 
78276 
78347 
78419 
78490 

78561 
78633 
78704 
78774 
78845 
78916 
78986 
79057 
79127 
79197 

79267 
79337 
79407 
79477 
79546 
79616 
79685 
79754 
79824 
79893 

79962 
80030 
80099 
80168 
80236 
80305 
80373 
80441 
80509 
80577 


76380 
76455 
76^ 
76604 
76678 
76753 
76827 
76901 
76975 
77048 

77122 
77195 
77269 
77342 
77415 
77488 
77561 
77634 
77706 
77779 

77851 
77924 
779^6 
78068 
78140 
78211 
78283 
78355 
78426 
78497 


76388 
76462 
76537 
76612 
76686 
76760 
76834 
76908 
76982 
77056 


76395 
76470 
76545 
76619 
76693 
76768 
76842 
76916 
76989 
77063 


76403 
76477 
76552 
76626 
76701 
76776 
76849 
76923 
76997 
77070 


76410 
76485 
76559 
76634 
76708 
76782 
76856 
76930 
77004 
77078 


77129 
77203 
77276 
77349 
77422 
77495 
77568 
77641 
77714 
77786 


77137 
77210 
77283 
77357 
77430 
77503 
77576 
77648 
77721 
77793 


77144 
77217 
77291 
77364 
77437 
77610 
77583 
77656 
77728 
77801 


77151 
77225 
77298 
77371 
77444 
77617 
77590 
77663 
77735 
77808 


77859 
77931 
78003 
78075 
78147 
78219 
78290 
78362 
78433 
78504 


77866 
77938 
78010 
78082 
78154 
78226 
78297 
78369 
78440 
78512 


77873 
77945 
78017 
78089 
78161 
78233 
78305 
78376 
78447 
78519 


77880 
77952 
78025 
78097 
78168 
78240 
78312 
78383 
78455 
78526 


78569 
78640 
78711 
78781 
78852 
78923 
78993 
79064 
79134 
79204 

7927^4 
79344 
79414 
79484 
79553 
79623 
79692 
79761 
79831 
79900 

79969 
80037 
80106 
80175 
80243 
80312 
80380 
80448 
80516 
80584 


78576 
78647 
78718 
78789 
78859 
78930 
79000 
79071 
79141 
79211 

79281 
79351 
79421 
79491 
79560 
79630 
79699 
79768 
79837 
79906 

79975 
80044 
80113 
80182 
80250 
80318 
80387 
80455 
80523 
80591 


78583 
78654 
78725 
78796 
78866 
78937 
79007 
79078 
79148 
79218 

79288 
79358 
79428 
79498 
79567 
79637 
79706 
79775 
79844 
79913 


78590 
78661 
78732 
78803 
78873 
78944 
79014 
79085 
79156 
79225 

79295 
79365 
79435 
79505 
79574 
79644 
79713 
79782 
79851 
79920 

79989 
80058 
80127 
80195 
80264 
80332 
80400 
80468 
80536 
80604 


78597 
78668 
78739 
78810 
78880 
78951 
79021 
79092 
79162 
79232 


79302 
79372 
79442 
79511 
79581 
79650 
79720 
79789 
79858 
79927 


79982 
80051 
80120 
80188 
80257 
80325 
80393 
80462 
80530 
80598 


79996 

80065 

80134; 

80202 

80271 

80339 

80407 

804751 

80543 

80611 



27* 



)i 



Logarithms from 1 to 10,000. 



«0. 

40 
141 
!42 
(43 
144 
145 
46 
147 
148 
149 

150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 
168 
169 

170 
171 
172 

173 
174 
175 
176 
177 
178 
179 

180 
181 
82 
-83 
S4 
85 
86 
87 
88 
89 

90 
91 
92 
93 
94 
95 
96 
97 
98 
09 






1 


2 


80618 
80686 
C0754 
80821 
80889 
80956 
81023 
81090 
81158 
8122'! 

81291 
81358 
81425 
81491 
81558 
81624 
81690 
81757 
81823 
81889 

81954 
82020 
82086 
82151 
82217 
82282 
82347 
82413 
82478 
82543 


80625 
80693 
80760 
80828 
80895 
80963 
81030 
81097 
81164 
81231 

81298 
81365 
81431 
81498 
81564 
81631 
81697 
81763 
81829 
81895 


80632 
80699 
80767 
80835 
80902 
80969 
81037 
81104 
81171 
81238 

81305 
81371 
81438 
81505 
81571 
81637 
81704 
81770 
81836 
81902 

81968 
82033 
82099 
82164 
82230 
82295 
82360 
82426 
82491 
82556 


81961 
82027 
82092 
82158 
82223 
82289 
82354 
82419 
82484 
82549 


82607 
82672 
82737 
82802 
82866 
82930 
82995 
83059 
83123 
83187 

83251 
83315 
83378 
83442 
83506 
83569 
83632 
83696 
83759 
83822 

83885 
83948 
84011 
84073 
84136 
84198 
84261 
84323 
84386 
84448 


82614 
82679 
82743 
82808 
82872 
82937 
83001 
830Q5 
83129 
83193 


82620 
82685 
82750 
82814 
82879 
82943 
83008 
83072 
83136 
83200 

83264 
83327 
83391 
83455 
83518 
83582 
83645 
83708 
83771 
83835 


83257 
83321 
83385 
83448 
83512 
83575 
83639 
83702 
83765 
««28 

83891 
83954 
84017 
84080 
84142 
84205 
84267 
84330 
84392 
84454 


83897 
83960 
84023 
84086 
84148 
84211 
84273 
84336 
84398 
84460 



3 



80638 
80706 
80774 
80841 
80909 
80976 
81043 
81111 
81178 
81245 

81311 
81378 
81445 
81511 
81578 
81644 
81710 
81776 
81842 
81908 

81974 
82040 
82105 
82171 
82236 
82302 
82367 
82432 
82497 
82562 

82627 
82692 
82756 
82821 
82885 
82950 
83014 
83078 
83142 
83206 

83270 
83334 
83398 
83461 
83525 
83588 
83651 
83715 
83778 
83841 

83904 
83967 
84029 
84092 
84155 
84217 
84280 
84342 
84404 
84466 



80645 
80713 
80781 
80848 
80916 
80983 
81050 
81117 
81184 
81251 

81318 
81385 
81451 
81518 
81584 
81651 
81717 
81783 
81849 
81915 

81981 
82046 
82112 
82178 
82243 
82308 
82373 
82439 
82504 
82569 

82633 
82698 
82763 
82827 
82892 
82956 
83020 
83085 
83149 
83213 

83276 
83340 
83404 
83467 
83531 
83594 
83658 
83721 
83784 
83847 

83910 
83973 
84036 
84098 
84161 
84223 
84286 
84348 
84410 
84473 



5 


6 


7 


8 


80652 
80720 
80787 
80855 
80922 
80990 
81057 
81124 
81191 
81258 

81325 
81391 
81458 
81525 
81591 
81657 
81723 
81790 
81856 
81921 

81987 
82053 
82119 
82184 
82249 
82315 
82380 
82445 
82610 
82575 

82640 
82705 
82769 
82834 
82898 
82963 
83027 
83091 
83155 
a3219 

83283 
83347 
83410 
83474 
83537 
83601 
83664 
83727 
83790 
aTa53 

83916 
83979 
84042 
84105 
84167 
84230 
84292 
84354 
84417 
84479 


80659 
80726 
80794 
80862 
80929 
80996 
81064 
81131 
81198 
81265 


80665 
80733 
80801 
80868 
80936 
81003 
81070 
81137 
81204 
81271 

81338 
81405 
81471 
81538 
81604 
81671 
81737 
81803 
81869 
81935 


80672 
80740 
80808 
80875 
80943 
81010 
31077 
81144 
81211 
81278 

81345 
81411 
81478 
81544 
81611 
81677 
81743 
81800 
81875 
81941 


81331 
81398 
81465 
81531 
81598 
81664 
81730 
81796 
81862 
81928 

81994 
82060 
82125 
82191 
82256 
82321 
82387 
82452 
82517 
82582 


82000 
82066 
82132 
82197 
82263 
82328 
82393 
82458 
82523 
82588 


82007 
82073 
82138 
82204 
82269 
82334 
82400 
82465 
82530 
82595 

82659 
82724 
82789 
82853 
82918 
82982 
83046 
83110 
83174 
83238 

83302 
83366 
83429 
83493 
83556 
83620 
83683 
83746 
83809 
83872 

83935 
83998 
84061 
84123 
84186 
84248 
84311 
84373 
84435 
84497 


82646 
82711 
82776 
82840 
82905 
82969 
83033 
83097 
83161 
83225 


82653 
82718 
82782 
82847 
82911 
82975 
83040 
83104 
83168 
83232 


83289 
83353 
83417 
83480 
83544 
83607 
83670 
83734 
83797 
83860 

83923 
83985 
84048 
84111 
84173 
84236 
84298 
84361 
84423 
84485 


83296 
83a59 
83423 
88487 
83550 
83613 
8367'y 
83740 
83803 
83866 

83929 
83992 
84055 
84117 
84180 
84242 
84305 
84367 
84429 
84491 



9 

80679 
80747 
80814 
80882 
80949 
81017 
81084 
81151 
81218 
81285 

81351 
81418 
81485 
81551 
81617 
81684 
81750 
81816 
81882 
81948 

82014 
82079 
82145 
82210 
82276 
83341 
82406 
82471 
82536 
82601 

82666 

82730 

82795 

82860 

82924 

82988 

83052 

83117 

83181 

83245 

83308 
83372 
83436 
83499 
83563 
83626 
83689 
83753 
83816 
83879 

83942 
84004 
84067 
84130 
84192 
84255 
84317 
84379 
84442 
84504 



Logarithms Aram 1 to 10,000. 



lo: 



700 
701 
702 
703 
704 
705 
706 
707 
708 
709 

710 
711 
712 
713 
714 
715 
716 
717 
718 
719 

720 
721 
722 
723 
724 
725 
726 
727 
728 
7^ 

730 
731 
732 
733 
734 
735 
736 
737 
738 
739 

740 
741 
742 
743 
744 
745 
746 
747 
748 
749 

750 
751 
752 
753 
754 
755 
756 
757 
758 
759 



84510 
84572 
84634 
84696 
84757 
84819 
84880 
84942 
85003 
85065 

85126 
85187 
85248 
85309 
85370 
85431 
85491 
85552 
85612 
85673 

85733 
85794 
86854 
85914 
85974 
86034 
86094 
86153 
86213 
86273 

86332 
86392 
86451 
86510 
86570 
86629 
86688 
86747 
86806 
86864 

86923 
86982 
87040 
87099 
87157 
87216 
87274 
87332 
87390 
87448 

87506 
87564 
87622 
87679 
87737 
87795 
87852 
87910 
87967 
88024 



1 


2 


3 


84516 
84578 
84640 
84702 
84763 
84825 
84887 
84948 
85009 
85071 


84522 
84584 
84646 
84708 
84770 
84831 
84893 
84954 
85016 
85077 


84528 
84590 
84652 
84714 
84776 
84837 
84899 
84960 
85022 
85083 


85132 
85193 
85254 
85315 
85376 


85138 
85199 
85260 
85321 
85382 


85144 
85205 
a<i266 
a<>327 
85388 
85449 
85609 
85570 
85631 
85691 


85437 
85497 
85558 
85618 
85679 


85443 
85503 
85564 
a'>625 
85685 


85739 
85800 
85860 
85920 
85980 
86040 
86100 
86159 
86219 
86279 


85745 
85806 
85866 
85928 
85986 
66046 
86106 
88165 
86225 
86285 


85751 
85812 
85872 
85932 
85992 
86052 
86112 
86171 
86231 
86291 


86338 
86398 
86457 
86516 
86576 
86635 
86694 
86753 
86812 
86870 


86344 
86404 
86463 
86522 
86581 
86641 
86700 
86759 
86817 
86876 


86350 
86410 
86469 
86528 
86587 
86646 
86705 
86764 
86823 
86882 


86929 
86988 
87046 
87105 
87163 
87221 
87280 
87338 
87396 
87454 


86935 
86994 
87052 
87111 
87169 
87227 
87286 
87344 
87402 
87460 


86941 
86999 
87058 
87116 
87175 
87233 
87291 
87349 
87408 
87466 


87512 
87570 
87628 
87685 
87743 
87800 
87858 
87915 
87973 
88030 


87518 
87576 
87633 
87691 
87749 
87806 
87864 
87921 
87978 
88036 


87523 
87581 
87639 
87697 
87754 
87812 
87868 
87927 
87984 
88041 



84535 
84597 
84658 
84720 
84782 
84844 
84805 
84967 
85028 
85089 

85150 
85211 
85272 
86333 
85394 
86455 
85516 
85576 
85637 
85697 

85757 
85818 
85878 
85938 
85998 
86058 
86118 
86177 
86237 
86297 

86356 
86415 
86475 
86534 
R6593 
86652 
86711 
86770 
86829 
86888 

86947 
87005 
87064 
87122 
87181 
87230 
87297 
87355 
87413 
87471 

87529 
87587 
87645 
87703 
87760 
87818 
87875 
87933 
87990 
88047 



6 



84541 
84603 
84666 
84726 
84788 
84850 
84911 
84973 
85034 
86095 

86156 
85217 
85278 
86339 
85400 
85461 
85522 
85582 
85643 
85708 

85763 
85824 
85884 
85944 
86004 
86064 
86124 
86183 
86243 
86303 

86362 
86421 
86481 
86540 
86599 
86658 
86717 
86776 
86835 
86894 

86953 
87011 
87070 
87128 
87186 
87245 
87303 
87361 
87419 
87477 

87535 
87593 
87661 
87708 
87766 
8782^ 
87881 
87938 
87996 
88053 



84547 
84609 
84671 
84733 
84794 
84856 
84917 
84879 
85040 
85101 

86163 
85224 
85285 
85345 
85406 
85467 
86526 
85588 
85649 
85709 

85768 
86830 
85890 
86960 
86010 
86070 
86130 
86189 
86249 
86308 

86368 
86427 
86487 
86646 
86606 
86664 
86723 
86782 
86841 
86900 

86958 
87017 
87075 
87134 
87192 
87251 
87309 
87367 
87425 
87483 

87541 
87599 
87666 
87714 
87772 
87829 
87887 
87944 
88001 
88058 



84653 
84616 
84677 
84739 
84800 

84862 
84934 
84986 
85046 
85107 

86169 
86230 
85291 
85352 
85412 
85473 
85634 
85594 
85666 
85715 

85775 
85836 
86896 
85966 
86016 
86076 
86136 
86195 
86266 
86314 

86374 
86433 
86493 
86552 
86611 
86670 
86729 
86788 
86847 
86906 

86964 
87023 
87081 
87140 
87198 
87256 
87316 
87373 
87431 
87489 

87547 
87604 
87662 
87720 
87777 
87835 
87892 
87950 
88007 
88064 



8 



84659 
84621 
84683 
84746 
84807 
84868 
84930 
84991 
86052 
86114 

85175 
86236 
86297 
85368 
86418 
86479 
85540 
85600 
85661 
86721 

86781 
85842 
85902 
86962 
86022 
86082 
86141 
86201 
86261 
86320 

86380 
86439 
86499 
86558 
86617 
86676 
86735 
86794 
86853 
86911 

86970 
87029 
87087 
87146 
87204 
87262 
87320 
87379 
87437 
87495 

87562 
87610 
87668 
87726 
87783 
87841 
87898 
87965 
88013 
88070 



84566 
84628 
84689 
84751 
84813 
84874 
84936 
84997 
85058 
85120 

85181 
85242 
85303 
85364 
85426 
85486 
86546 
86606 
85667 
85727 

85788 
85848 
85908 
85968 
86028 
86088 
86147 
86207 
86267 
86326 

88386 
86445 
86504 
86564 
86623 
86682 
86741 
86800 
86859 
86917 

86976 
87035 
87093 
87151 
87210 
87268 
87326 
87384 
87442 
87500 

87558 
87616 
87674 
87731 
87789 
87846 
87904 
87961 
88018 
88076 



104 



Logarithms from 1 to 10,000. 



770 
771 
772 
773 
774 
775 
776 
777 
778 
779 

780 
781 
782 
783 
784 
785 
786 
787 
788 
789 

790 
791 



N9. 

760 
761 
762 
763 
764 
765 
766 
767 
768 
769 



793 
794 
796 
7^6 
797 
798 
799 

800 
801 
802 
803 
804 
805 
806 
807 
808 

m 

810 
811 
812 
813 
814 
815 
816 
817 
818 
819 



88081 
88138 
88195 
88252 
88309 
88366 
88423 
88480 
88536 
88593 

88649 
88705 
88762 
88818 
88874 
88930 
88986 
89042 
89098 
89154 

89209 
89265 
89321 
89376 
89432 
89487 
89542 
89597 
89653 
89708 

89763 
89818 
89873 
89927 
89982 
90037 
90091 
90146 
90200 
90255 

90309 
90363 
90417 
90472 
90526 
90580 
90634 
90687 
90741 
90795 

90849 
90902 
90956 
91009 
91062 
91116 
91169 
91222 
91275 
91328 



.1 


21 


3 


4 


5 


6 


88087 
88144 
88201 
88258 
88315 
88372 
88429 
88485 
88542 
88598 

88655 
88711 
88767 
88824 
88880 
88936 
88992 
89048 
89104 
89159 

89215 
89271 
89326 
89382 
89437 
89492 
89548 
89603 
89658 
89713 


88093 
88150 
88207 
88264 
88321 
88377 
88434 
88491 
88547 
88604 

88660 
88717 
88773 
88829 
88885 
88941 
88997 
89053 
89109 
89165 

89221 
89276 
89332 
89387 
89443 
89498 
89553 
89609 
89664 
89719 

89774 
89829 
89883 
89938 
89993 
90048 
90102 
90167 
90211 
90266 

90320 
90374 
90428 
90482 
90536 
90590 
90644 
90698 
90752 
90806 

90859 
90913 
90966 
91020 
91073 
91126 
91180 
91233 
91286 
91339 


88098 
88156 

88213 
88270 
8B326 
88383 
88440 
88497 
88553 
88610 

88666 
88722 
88779 
88835 
88891 
88947 
89003 
89059 
89115 
89170 

89226 
89S82 
89337 
89393 
89448 
89504 
89559 
89614 
89669 
89724 

89779 
89834 
89889 
89944 
89998 
90053 
90108 
90162 
90217 
90271 

90325 
90380 
90434 
90488 
90542 
90596 
90650 
90703 
90757 
90811 


88104 
88161 
88218 
88275 
88332 
88389 
88446 
88602 
88559 
88615 

88672 
88728 
88784 
88840 
88897 
88953 
89009 
89064 
89120 
89176 

89232 
89287 
89343 
89398 
89454 
89509 
89564 
89620 
89675 
89730 

89785 
89840 
89894 
89949 
90004 
90059 
90113 
90168 
90222 
90276 

90331 
90385 
90439 
90493 
90547 
90601 
90655 
90709 
90763 
90816 

90870 
90924 
90977 
91030 
91084 
91137 
91190 
91243 
91297 
91360 


88110. 

88167 

88224 

88281 

88338 

88395 

88451 

88508 

88564 

88621 


88116 
88173 
88230 
88287 
88343 
88400 
88457 
88513 
88570 
88627 


88677 
88734 
88790 
88846 
88902 
88958 
89014 
89070 
89126 
89182 

89237 
89293 
89348 
89404 
89459 
89515 
89570 
89625 
89680 
89735 

89790 
89845 
89900 
89955 
90009 
90064 
90119 
90173 
90227 
90282 

90336 
90390 
90445 
90499 
90553 
90607 
90660 
90714 
90768 
90822 

90875 
90929 
90982 
91036 
91089 
91142 
91196 
91249 
91302 
91355 


88683 
88739 
88796 
88852 
88908 
88964 
89020 
89076 
89131 
89187 

89243 
89298 
89354 
89409 
89465 
89520 
89675 
89631 
89686 
89741 

89796 
89851 
89905 
89960 
90015 
90069 
90124 
90179 
90233 
90287 

90342 
90396 
90450 
90504 
90558 
90612 
90666 
90720 
90773 
90827 

90881 
90934 
90988 
91041 
91094 
91148 
91201 
91254 
91807 
91360 


89768 
89823 
89878 
89933 
89988 
90042 
90097 
90151 
90206 
90260 


90314 
90369 
90423 
90477 
90531 
90585 
90639 
90693 
90747 
90800 

^854 
90907 
90961 
91014 
91068 
91121 
91174 
91228 
91281 
91334 


90865 
90918 
90972 
91025 
91078 
91132 
91185 
91238 
91291 
91344 



88121 
88178 
88236 
88292 
88349 
88406 
88463 
88519 
88576 
88632 

88689 
88745 
88801 
88857 
88913 
88969 
89025 
89081 
89137 
89193 

89248 
89304 
89360 
89415 
89470 
89526 
89581 
89636 
89691 
89746 

89801 
89856 
89911 
89966 
90020 
90075 
90129 
90184 
90238 
90293 

90347 
90401 
90455 
90509 
90563 
90617 
90671 
90725 
90779 
90832 

90886 
90940 
90993 
91046 
91100 
91153 
91206 
91259 
91312 
91365 



8 



88127 
88184 
88241 
88298 
88355 
88412 
88468 
88525 
88581 
88638 

88694 
88750 
88807 
88863 
88919 
88975 
89031 
89087 
89143 
89198 

89254 
89310 
89365 
89421 
89476 
89531 
89586 
89642 
89697 
89752 

89807 
89862 
89916 
89971 
90026 
90080 
90135 
90189 
90244 
90298 

90352 
90407 
90461 
90515 
90569 
90623 
90677 
90730 
90784 
90838 

90891 
90945 
90998 
91052 
91105 
91158 
91212 
91265 
91318 
91371 



.V 



9 

8§m 

88190 
88247 
88304 
88380 
88417 
88474 
88530 
88587 
88643 

88700 
88756 
88812 
88868 
88925 
88981 
89037 
89092 
89148 
89204 

89260 
89315 
89371 
89426 
89481 
89537 
89592 
89647 
8970S 
8975 7 

89812 
89867 
89922 
89977 
90031 
90086 
90140 
90195 
90249 
90304 

90358 
90412 
90466 
90520 
90574 
90628 
90682 
90736 
90789 
90843 

90897 
90950 
91004 
91057 
91110 
91164 
91217 
91270 
91323 
913761 



Logarithms from i to 10,000. 



lot 



I! 



No. 

8^ 
821 
822 
823 
824 
825 
826 
827 
828 
829 

830 
831 
832 
833 
834 
835 
836 
837 
838 
839 

840 
841 
842 
843 
844 
845 
846 
847 
848 
849 

850 
851 
852 
853 
854 
855 
856 
857 
858 
859 

860 
861 
862 
863 
864 
865 
866 
867 
868 
869 

870 
871 
872 
873 
874 
875 
876 
877 
878 
879 



913B1 
91434 
91487 
91540 
91593 
91645 
91698 
9l75r 
91808 
91855 

91908 
91960 
92012 
92065 
92117 
92169 
92221 
92S73 
92324 
92376 

92428 
92480 
92531 
92583 
92634 
92686 
92737 
92788 
92840 
92891 

92942 
92993 
93044 
93095 
93146 
93197 
93247 
93298 
93349 
93399 

93450 
93500 
93551 
93601 
93651 
93702 
93752 
93802 
93852 
93902 

93952 
94002 
94052 
94101 
94151 
94201 
94250 
94300 
94349 
94399 



91387 
91440 
91^«2 
91545 
91598 
91651 
^1703 
91756 
91808 
91861 

91913 
91965 
92016 
9207O 
92122 
92174 



92278 
92330 
92381 



92433 

92485 
92536 
92588 
92639 
92691 
92742 
92793 
92845 
92896 



92947 
92998 
93049 
93100 
93151 
93202 
93252 
93303 
93354 
93404 

93455 
93505 
93556 
93606 
93656 
93707 
93757 
93807 
93857 
93907 

93957 
94007 
94057 
94106 
94156 
94206 
94255 
94305 
94354 
94404 



24 



91392 
91445 
91498 
91551 
91603 
91656 
91709 
91761 
91814 
91866 

91916 
91971 
92023 
92075 
92127 
92179 
92231 
92283 
92335 
92387 

92438 
92490 
92542 
92593 
92645 
92696 
92747 
92799 
92850 
92901 

92952 
93008 
93054 
93105 
93156 
93207 
93258 
93308 
93359 
93409 

93460 
93510 
93561 
93611 
93661 
93712 
93762 
93812 
93862 
93912 

93962 
94012 
94062 
94111 
94161 
94211 
94260 
94310 
94359 
94409 



91397 
91450 
91503 
91556 
91609 
91661 
91714 
91766 
91019 
91871 

91924 
91976 
92028 
92080 
92132 
92184 
92236 
92288 
92340 
92392 

92443 

92495 
92547 
92598 
92650 
92701 
92752 
92804 
92855 
92906 

92957 
93008 
93059 
93110 
93161 
93212 
93263 
93313 
93364 
93414 

93465 
93515 
93566 
93616 
93666 
93717 
93767 
93817 
93867 
93917 

93967 
94017 
94067 
94116 
94166 
94216 
94265 
94315 
94364 
94414 



9140$ 
91455 
91508 
91561 
91614 
91666 
91719 
91772 
91824 
91876 

91929 
91981 
92033 
92085 
92137 
92169 
92241 
92293 
92345 
9239 7 

924^ 
92500 
925^2 
92603 
92655 
92706 
92758 
92809 
92860 
92911 

92962 
93018 
930M 
93115 
93166 
93217 
93268 
93318 
93369 
93420 

93470 
93520 
93571 
93621 
93671 
93729 
93772 
93822 
93872 
93922 



93972 

94022 

94072 

94121 

94171 

94221 

94270 

94320 

94369^ 
944i£f 94424 



91408 
91461 
91514 
91566 
91619 
91672 
91724 
91777 
91829 
91882 

91934 
91986 
92038 
92091 
92143 
92195 
92247 
92298 
92350 
92402 

92454 
92505 
92557 
92609 
92660 
92711 
92763 
92814 
92865 
92916 

92967 
93018 
93069 
93120 
93171 
93222 
93273 
93323 
93374 
93425 

93475 
93526 
93576 
93626 
93676 
93727 
93777 
93827 
93877 
93927 



6 



93977 

94027 

94077 

94126 

94176 
94226 1;»«31 

/94280 

94330 

94379 

94429 



91413 
91466 
91519 
91572 
91624 
91677 
91730 
91782 
91834 
91887 

91939 
91991 
92044 
92096 
92148 
92200 
92252 
92304 
92355 
92407 

92459 
92511 
92562 
92614 
92865 
92716 
92768 
92819 
92870 
92921 

9^73 
93024 
93075 
93125 
93176 
93227 
93278 
93328 
93379 
93430 

93480 
93531 
93581 
93631 
93682 
93732 
93782 
93832 
93882 
98982 

93982 
94032 
94082 
9413> 
94;^! 




91418 
91471 
91524 
51577 
91630 
91682 
91735 
91787 
91840 
91892 

91944 
91997 
92049 
92101 
92153 
92205 
92257 
92309 
92361 
92412 

92464 
92516 
92567 
92619 
92670 
92722 
92773 
92824 
92875 
92927 

92978 
93029 
93080 
93131 
93181 
93232 
93283 
93334 
93384 
93435 

93485 
93536 
93586 
93636 
93687 
§3737 
93787 
93837 
93887 
93937 



8 



91494 
91477 
91529 
91582 
91635 
91687 
91740 
91793 
91845 
91897 

91950 
92002 
92054 
92106 
92158 
92210 
92262 
92314 
92366 
92418 

92469 
92521 
92572 
92624 
92675 
92727 
92778 
92829 
92881 
92932 

92983 
93034 
93085 
93136 
93186 
93237 
93288 
93339 
93389 
93440 

93490 
93541 
93591 
93641 
93692 
93742 
93792 
93842i 



9 



91429 
91489 
91535 
91587 
91640 
91693 
91745 
91798 
91850 
91903 

91955 
93007 
92059 
92111 
92163 
92215 
92267 
92319 
92371 
92423 

92474 
92526 
92578 
92629 
92681 
92732 
92783 
92834 
92886 
92937 

92988 

93039 

93090 

93141 

93192 

93242] 

93293 

93344 

93394 

93445 




089^fte^92 



940^ 
^4086 
94136 
94186 
94236 
94285 
94335 
94384 
94433 



mp^l 93897 
m^ I 93947 

93997 
94047 
94096 
94146 
94196 
94249 
94295 
94345 
94394 
94448 



94042 
94091 
94141 
94191 
94240 
94290 
94340 
94389 
94438 



f 



>6 



Logarithms from I to lO^OOO. 



5E 



;ro. 





1 


2 


80 


94448 94453 


94458 


81 


9449 


94.99 


94507 


82 


94547 


94552 


94557 


;83 


94596 


94601 


94606 


184 


94645 


94650 


94655 


i85 


94694 


94699 


94704 


186 


94743 


94748 


94753 


187 


94792 


94797 


94802 


188 


94841 


94846 


94851 


189 


94890 


94895 


94900 


190 


94939 


94944 


1»4949 


!91 


94988 


94993 


94998 


192 


95036 


95041 


95046 


193 


95085 


95090 


95096 


194 


95134 


95139 


95143 


195 


95182 


95187 


95192 


t96 


95231 


95236 


95240 


197 


95279 


95284 


95288 


198 


95328 


95332 


95337 


t99 


95376 


95381 


96386 


m 


95424 


95429 


95434 


101 


95472 


95477 


95482 


f02 


955"' 


95525 


95530 


103 


9556b 


95574 


95578 


KM 


95617 


95622 


95620 


f05 


95665 


95670 


95674 


106 


95713 


95718 


95722 


>07 


95761 


95766 


96770 


K)8 


95809 


95813 


95818 


109 


95856 
95904 


95861 


95866 
95914 


110 


95909 


>H 


95952 


95957 


95961 


112 


95999 


96004 


96009 


H3 


96047 


96052 


96a57 


»14 


96095 


96099 


96104 


115 


96142 


96147 


96152 


»16 


96190 


96194 


96199 


m 


96237 


96242 


96246 


118 


96284 


96289 


96294 


119 


96332 
96379 


96336 


96341 
96388 


►^ 


96384 


►21 


96426 


96431 


96435 


►22 


96473 


96478 


96483 


►23 


96520 


96525 


96530 


124 


96567 


96572 


96577 


►2^ 


96614 


96619 


96624 


►20 


J96661 


96666 


96670 


►^ 


9^08 


96713 


96717 


►28 


96tS5 


96759 


96764 


>29 


96802 


s^806 


96811 


)30 


96848 


9^63 


96858 


)31 


96895 


9690ft 


96904 


)32 


96942 


96946 


^951 


)3rJ 


96988 


96993 


9dC^7 


)34 


97035 


97039 


►35 


97081 


97086 


97096 


)36 


97128 


97132 


97137 


)27 


97174 


97179 


97183 


)38 


97220 


97225 


97230 


m 


97267 


97271 


97276 



94463 
94512 
94562 
94611 
94660 
9470)9 
94758 
94807 
94856 
94905 

94954 
95002 
95051 
95100 
95148 
95197 
95245 
95294 
95342 
95390 

95439 
95487 
95535 
95583 
96631 
95679 
95727 
95775 
95823 
95871 

96918 
95966 
96014 
96061 
96109 
96156 
96204 
96251 
96298 
96346 

96393 
96440 
96487 
96534 
96581 
96628 
96675 
96722 
96769 
96816 

96862 
96909 
96956 
97002 
97049 
"97095 
97142 

97^ 
97280 



94468 
94517 
94567 
94616 
94665 
94714 
94763 
94812 
94861 
94910 

94959 
95007 
95056 
95105 
95153 
95202 
95250 
95299 
95347 
95395 

95444 
95492 
95540 
95588 
95636 
96684 
95732 
95780 
95828 
95875 

95923 
95971 
96019 
96(ft6 
96114 
96161 
96209 
96256 
96303 
96350 

96398 
96445 
96492 
96539 
96586 
96633 
96680 
96727 
96774 
96820 

96867 
96914 
96960 
97007 
97053 
97100 
97146 
971^ 
^239 
lrT«B5 



6 


6 


94473 


9447« 


94522 


94527 


94571 


94576 


94621 


94626 


94670 


94675 


94719 


94724 


94768 


94773 


94817 


94822 


94866 


94871 


94915 
94963 


94919 


94968 


95912 


96017 


95061 


95066 


95109 


95114 


95158 


95163 


95207 


95211 


95255 


95260 


95303 


95308 


95352 


95357 


95400 
95448 


95405 


95453 


95497 


95501 


95545 


95550 


95593 


95598 


95641 


96646 


95689 


96694 


95737 


96742 


95785 


96789 


95832 


95837 


9S880 
96928 


95885 


96933 


96976 


96980 


96023 


96028 


96071 


96076 


96118 


96123 


96166 


96171 


96213 


96218 


96261 


96265 


96308 


96313 


96355 


96360 


96402 


96407 


96450 


96454 


96497 


96501 


96544 


96548 


96591 


96695 


96638 


96642 


96685 


96689 


96731 


96736 


96778 


96783 


96825 
96872 


96830 


96876 


96918 


96923 


96965 


96970 


97011 


97016 


97068 


97063 


97104 


97109 


97151 


97165 


97197 


97202 


97243 


97248 


97290 


97294 



94483 
94532 
94581 
94630 
94680 
94729 
94778 
94827 
94876 
94924 

94973 
96022 
95071 
95119 
95168 
95216 
95265 
95313 
95361 
95410 

95458 
95506 
95554 
95602 
95650 
95698 
95746 
95794 
95842 
96890 

96938 
96985 
96033 
96080 
96128 
96175 
96223 
96270 
96317 
96365 

96412 
96459 
96506 
96553 
96600 
96647 
96694 
96741 
96788 
96834 

96881 

96928 

96974 

97021 

97067 

97114. 

97160 

97206 

97253 

972^9 



S 



94488 
94687 
94586 
94635 
94686 
94734 
94783 
94832 
94880 
94929 

94978 
95027 
95076 
95124 
95173 
95221 
95270 
95318 
95366 
95415 

95463 
95511 
9S559 
96607 
95656 
96703 
95751 
95799 
96847 
95895 

96942 
95990 
96038 
96085 
96133 
96180 
96227 
96275 
96322 
96369 

96417 
96464 
96511 
96566 
96605 
96652 
96699 
96745 
96792 
96839 

96886 
96932 
96979 
97026 
$7072 
97118 
97165 
97211 
9T257 
9730^ 



9 



94499 
94542 
94591 
94640 
94689 
94738 
94787 
94836 
94886 
94934 

94983 
96032 
95080 
95129 
96177 
96226 
96274 
95323 
96371 
96419 

96468 
96616 
96564 
96612 
96660 
95706 
96756 
95804 
96852 
95899 

96947 
95996 
96942 
96090 
96137 
96185 
96232 
96280 
963^ 
96374 

96421 
96468 
966U 
96662 
96609 
96666 
06703 
96760 
96797 
96944 

96890 
99037 
96984 
97090 
97077 
87123 
97169 

97216 

972 
97306 f 






> 



% • 



^ 1 



I^Qgafithms from 1 to 10,000. 



107 



No." 
940 


0' 


1 

97317 


« 


3 


4 


6 

97336 


6 


7 


8 


9 
97354 


97313 


97iE22 


97327 


97331 


97340 


9734S 


97350 


941 


97359 


97364 


97368 


97373 


97377 


97S82 


97387 


97391 


97396 


97400 


94^2 


97405 


97410 


97414 


97419 


97424 


97428 


97433 


97437 


97442 


97447 


943 


97451 


9745^ 


97460 


97465 


97470 


97474 


97479 


97483 


97488 


97493 


944 


97497 


97502 


97506 


97511 


97516 


97520 


97525 


97529 


97534 


97539 


945 


97543 


97548 


97552 


97557 


97562 


97566 


97571 


97575 


97580 


97585 


946 


97589 


97594 


97598 


97603 


97607 


97612 


97617 


97621 


97626 


9*7630 


947 


97636 


97640 


97644 


97649 


97653 


97658 


97663 


97667 


97672 


97676 


94» 


97681 


97685 


97690 


97695 


97699 


90^704 


97708 


97713 


97717 


97722 


949 
950 


97727 
97772 


97731 
97777 


97736 
97782 


97740 


97745 


97749 


977M'1 
97800 


97759 
97804 


97763 
97809 


97768 


97786 


97791 


97795 


97813 


951 


97818 


97823 


97827 


97832 


97836 


97841 


97845 


97850 


97855 


97859 


952 


97864 


97868 


97873 


97877 


97882 


97886 


97891 


97896 


97900 


97905 


953 


97909 


97914 


97918 


97923 


97928 


97932 


97937 


97941 


97946 


97950 


954 


97955 


97959 


97964 


97968 


97973 


97978 


97982 


97987 


97991 


97996 


955 


98000 


98085 


98009 


98014 


98019 


98023 


98028 


98032 


98037 


98041 


956 


98046 


98050 


98055 


98059 


98064 


98068 


98073 


98078 


98082 


98087 


957 


98091 


98096 


98100 


98105 


98109 


98114 


98118 


98123 


98127 


98132 


958 


98137 


98141 


98146 


98150 


98155 


98159 


98164 


98168 


98173 


98177 


959 
960 


98182 


98186 


98191 
98236 


98195 


98200 


98204 


98209 
98254 


98214 
98959 


98218 
98263 


98223 


98227 


98232 


98241 


98245 


98250 


98268 


961 


98272 


98277 


98281 


98286 


98290 


98295 


98299 


98304 


98308 


98313 


962 


98318 


98322 


98327 


98331 


98336 


98340 


98345 


98349 


98354 


98358 


t)65 


98363 


98367 


98372 


98376 


98381 


98385 


98390 


98394 


98399 


98403 


^64 


98408 


98412 


98417 


98421 


98426 


98430 


98435 


98439 


98444 


98448 


d65 


98453 


98457 


98462 


98466 


98471 


98475 


98480 


98484 


98489 


98493 


966 


98498 


98502 


98507 


98511 


98516 


98520 


98525 


98529 


98534 


98538 


967 


98543 


98547 


98552 


98556 


98561 


98565 


98570 


98574 


98579 


98583 


^68 


98588 


98592 


98597 


98601 


98605 


98610 


98614 


98619 


98623 


98628 


•969 
9^0 


98632 

■ 


986ST 


98641 


98646 
98691 


98650 


98655 


98659 
98704 


98664 
98709 


98668 
98713 


98673 


W77 


98682 


98686 


98695 


98700 


98717 


97r 


88722 


98726 


98731 


98735 


98740 


98744 


98749 


98753 


98758 


98762 


•7£ 


98767 


98771 


98776 


98780 


987£4 
98^ 


98789 


98793 


98798 


98802 


98807 


978 


98811 


98816 


98820 


98825 


98834 


98838 


98843 


98847 


98851 


9'J'4 


98856 


98860 


98865 


98869 


98874 


98878 


98883 


98887 


98892 


98896 


975 


98900 


98905 


98909 


98914 


98918 


98923 


98927 


98932 


98936 


98941 


976 


98945 


98949 


98954 


98958 


98963 


98967 


98972 


98976 


98981 


98985 


977 


'98989 


98994 


98998 


99003 


99007 


99012 


99016 


99021 


99025 


99029 


978 


99034 


99038 


99043 


99047 


99052 


99056 


99061 


99065 


99069 


99074 


979 
980 


99078 
99123 


99083 


99087 
99131 


99092 


99096 


^9100 
99145 


99105 
99149 


99109 


99114 


991 la 


99127 


99136 


99140 


99154 


99158 


9916t 


981 


99167 


99171 


99176 


99180 


99185 


99189 


99193 


99198 


99202 


99207 


982 


99211 


99216 


99230 


99224 


99229 


99233 


99238 


99242 


99247 


99251 


983 


99255 


99260 


99264 


99269 


99273 


99277 


99282 


99286 


99291 


99295 


984 


99300 


99304 


99308 


99313 


99317 


99322 


99326 


99330 


99335 


99339 


985 


99344 


99348 


99352 


99357 


99361 


99366 


99370 


99374 


99379 


99383 


986 


99388 


99392 


99396 


99401 


99405 


99410 


99414 


99419 


99423 


S0427 


987 


99432 


99436 


99441 


99445 


99449 


99454 


99458 


99463 


99467 


99471 


988 


99476^ 


99480 


99484 


99489 


99493 


99498 


99502 


99506 


99511 


99515 


III 


99529 


99524 


99528 
99572 


99533* 
99577 


99537 


99542 


9954e 


99550^ 
99594 


' 99655 
99599 


99559 


99564 


99568 


99581 


99585 


99590 


99603 


991 


99607 


99612 


99616 


99621 


99625 


99629 


Sf|9634 


99638 


99642 


99647 


992 


99651 


99656 


99660 


99664 


99669 


99673 


99677 


99682 


99686 


99691 


993 


99^95 


99699 


99704 


99708 


99712 


99717 


99721 


99726 


99730 


99734 


994 


•99739 


99743 


99747 


99752 


99756 


99760 


99765 


99769 


99774 


99778 


995 


99782 


99787 


99791 


99795 


99O0O 


99804 


99808 


99813 


9981" 


99822 


996 


99826 


99830 


99835 


99839 


99843 


99848 


99852 


99856 


99861 


99865 


997, 


99870 


99874 


99878 


99883 


99887 


99891 


99896 


99900 


99904 


99909 


098 


99913 


99917 


99922 


99926 


99930 


99935 


99939 


99944 


99948 


99952 


999 


99957 


99961 99965 


99990 


99974 999781 


99983 


99987 


99991 


99996 
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Artificial Sines, Tang, and Sec Degree. 






M. 


Sine. 


Co-sine. 


Tangent 


Co-tang. 


Secant. 


Co-secant 









Inf. Ne^. 


10.00000 


Inf. Neg- 


Infinite. 


10.00000 


Infinite. 


60 




1 


6.46373 


10.00000 


6.46373 


13.53627 


10.00000 


13.53627 


59 




8 


76476 


00000 


76476 


•23524 


00000 


23524 


58 




3 


94085 


00000 


94085 


06915 


00000 


05915 


57 




4 


7.06579 


00000 


7.06579 


12.93421 


00000 


12.93«Z1 


56 




6 


16270 


00000 


16270 


83730 


00000 


83790 


55 




6 


24188 


00000 


24188 


75812 


00000 


75812 


64 




7 


30882 


00000 


30882 


69118 


0000» 


69118 


53 




8 


36682 


00000 


36682 


63318 


00000 


63318 


52 




9 


41797 


00000 


41797 


68203 


* ooeoo 


58203 


61 




10 


46373 


00000 


46373 


63627 


00000 


53627 


60 




11 


7.50512 


10.00000 


7.50512 


12.49488 


10.00000 


12^9488 


49 




12 


54291 


00000 


54291 


46709 


00000 


45700 


48 




13 


67767 


00000 


57767 


42233 


00000 


42233 


47 




14 


60985 


00000 


60986 


39014 


00000 


39015 


46 




15 


63982 


00000 


63982 


36018 


00000 


36018 


45 




16 


66784 


00000 


66785 


33216 


00000 


33216 


44 




17 


69417 


9.99999 


69418 


30582 


00001 


30583 


43 




18 


71900 


99999 


71900 


28100A 00001 


28100 


42 




19 


74248 


99999 


74248 


25752 


^ 00001 


25752 


41 




20 


76475 


99999 


76476 


23524 


. 00001 


23525 


40 




21 


7-78594 


• 9.99999 


7.78595 


12.21405 


10.00001 


12.21406 


39 




^ 


80615 


99999 


80615 


19385 


00001 


19386 


38 




23 


82545 


99999 


^546 


17454 


00001 


17455 


37 




24 


84393 


99999 


84394 


15606 


00001 


15607 


36 




25 


86166 


99999 


86167 


13833 


00001 


13834 


35 




26 


87870 


99999 


87871 


12129 


00001 


12130 


34 




27 


89509 


99999 


89510 


10490 


00001 


10491 


33 




28 


91088 


99999 


91089 


06911 


00001 


08912 


32 




29 


92612 


99998 


92613 


07387 


00002 


07388 


31 




30 


94084 


99998 


94086 


05914 


00002 


05916 


30 




31 


7.95508 


9.99998 


7.95510 


12.04490 


10.00002 


12.04492 


29 




32 


96887 


99998 


96889 
9822f 


03111 


00002 


03113 


28 




33 


98223 


99998 


01776 


00002 


01777 


27 




34 


99520 


99998 


99522 


00478 


00002 


00480 


28 




a5 


8.00779 


99998 


8.00781 


11.99219 


00008 


11.99221 


25 




36 


02002 


99998 


02004 


97996 


00002 


97998 


24 




37 


03192 


99997 


03194 


96806 


00003 


96808 


23 




38 


04350 


99997 


04353 


95647 


00008 


95650 


22 




39 


05478 


99997 


05481 


94519 


00008 


94522 


21 




40 


06578 


99997 


06581 


93419 


00003 


93422 


20 




41 


8.07650 


9.99997 


8.07653 


11.92347 


10.00003 


11.92350 


19 




42 


08696 


99997 


08700 


91300 


00003 


91304 


18 




43 


09718 


99997 


09722 


90278 


00003 


90282 


17 




44 


10717 


99996 


10720 


89280 


00004 


89283 


16 




45 


11693 


99996 


11696 


88304 


00004 


88307 


15 




46 


12647 


99996 


12651 


87349 


00004 


87353 


14 




47 


13581 


99996 


13585 


86415 


00004 


86419 


13 




48 


14495 


99996 


14500 


85500 


00004 


85505 


12 




49 


15SI91 


99996 


15395 


84606 


000O4 


84609 


11 




60 


16268 


99995 


16273 


83727 


00005 


83732 


10 
9 




51 


8.17128- 


9.99995 


8.17133 


11.82867 


10.00005 


11.82872 




52 


17971 


99995 


17976 


82024 


00005 


8S029 


8 




53 


18798 


99995 


18804 


81196 


00005 


81202 


7 


1 


54 


19610 


99995 


19616 


80384 


00005 


80390 


6 


1 


55 


20407 


99994 


20413 


79587 


00006 


79593 


6 


66 


21189 


99994 


21195 


78805 


00006 


78811 


4 


67 


21958 


99994 


21964 


78036 


00006 


78042 


3 


58 


22713 


99994 


22720 


77280 


00006 


77287 


2 


59 


23456 


99994 


23462 


76638 


00006 


76544 


1 


60 


24186 


99993 


24192 


75808 


00007 


75814 







1 Co-line. 


Sine. 


Co»tuig. 


Tangent. 


Co-Mcant 


Secant M • | 
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Artificial Sines, Tang, and Sec. 1 Degree. 
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M. 


Sine. 


Co-sine. 


Tangent. 
8.24192 


Co-tang. 
11.75808 


Secant. 


Co-secaat 
11.75814 


60 





8.24186 


9.99993 


10.00007 


1 


24903 


99993 


24910 


75090 


00007 


75097 


59 


s 


25609 


99993 


25616 


74384 


00007 


74391 


58 


3 


26304 


99993 


26312 


73688 


00007 


73696 


57 


4 


26988 


99992 


'26996 


73004 


00008 


73012 


56 


5 


27661 


99992 


27669 


72331 


00008 


72339 


55 


6 


28324 


99992 


28332 


71668 


00008 


71676 


64 


7 


28977 


99992 


28986 


71014 


00008 


71023 


53 


8 


29621 


99992 


29629 


70371 


00008 


70379 


52 


9 
10 


30255 


99991 


30263 


69737 


00009 


69745 


51 
50 


8.30879 


9.99991 


8.30888 


11.69112 


10.00009 


11.69121 


11 


31495 


99991 


31505 


68495 


00009 


68505 


49 


13 


32103 


99990 


32112 


67888 


00010 


67897 


48 


13 


32702 


99990 


32711 


67289 


00010 


67298 


47 


14 


33292 


99990 


33302 


66698 


00010 


66708 


46 


15 


33875 


99990 


33886 


66114 


00010 


66125 


45 


16 


34450 


99989 


34461 


65539 


00011 


65550 


44 


17 


35018 


99989 


35029 


64971 


00011 


64982 


43 


18 


35578 


99989 


35590 


64410 


00011 


64422 


42 


19 


36131 


99989 


36143 


63857 


00011 


63869 


41 
40 


20 


8.36678 


9.99988 


8.36689 


11.63311 


10.00012 


11.63322 


21 


37217 


99988 


37229 


62771 


00012 


62783 


39 


22 


37750 


99988 


37762 


62238 


00012 


62260 


38 


23 


38276 


99987 


38289 


61711 


00013 


61724 


37 


24 


38796 


99987 


38809 


61191 


00013 


61204 


36 


25 


39310 


99987 


39323 


60677 


00013 


60690 


35 


26 


39818 


99986 


39832 


60168 


00014 


60182 


34 


27 


40320 


99986 


40334 


59666 


00014 


69680 


33 


28 


40816 


99986 


40830 


59170 


00014 


69184 


32 


29 


41307 


99985 


41321 


58679 


00015 


68693 


31 
30 


30 


8.41792 


9.99985 


8.41807 


11.58193 


10.00015 


11.58208 


31 


42272 


99985 


42287 


57713 


00015 


67728 


29 


32 


42746 


99984 


42762 


67238 


00016 


67254 


28 


:« 


43216 


99984 


43232 


56768 


00016 


56784 


27 


04 


43680 


99984 


43696 


, 56304 


00016 


66320 


26 


35 


44139 


99983 


44156 


55844 


00017 


66861 


25 


36 


44594 


99983 


44611 


55389 


00017 


66406 


24 


37 


45044 


99983 


45061 


54939 


00017 


64956 


23, 


38 


45489 


99982 


45507 


54493 


00018 


64611 


22 


39 


45930 


99982 


45948 


54052 


00018 


54070 


21 


40 


8.46366 


9.99982 
99981 


8.46385 


11.53615 


10.00018 


11.53634 


20 


41 


46799 


46817 


53183 


00019 


53201 


19 


42 


47226 


99981 


47245 


52755 


00019 


^ 52774 
^ 62350 


18 


43 


47650 


99981 


47669 


52331 


00019 


17 


44 


48069 


99980 


48089 


51911 


00020 


61931 


16 


45 


48485 


99980 


48505 


51495 


00020 


61515 


16 


46 


48896 


99979 


48917 


51083 


00021 


61104 


14 


47 


49304 


99979 


49325 


60675 


00021 


60696 


13 


48 


49708 


99979 


49729 


60271 


000^1 


60292 


12 


49 
50 


50108 


•> 99978 


50130 


49870 


00022 


49892 


11 


8.50504 


9.99978 


8.50527 


11.49473 


10.00022 


11.49496 


10 


51 


50897 


99977 


^0920 


49080 


00023 


49103 


9 


52 


51287 


99977 


51310 


48690 


00023 


48713 


8 


53 


51673 


99977 


51696 


48304 


00023 


48327 


7 


54 


52055 


99976 


52079 


47921 


00024 


47945 


6 


55 


52434 


99976 


52459 


47541 


00024 


47566 


6 


56 


52810 


99975 


52835 


47165 


00025 


47190 


4 


57 


53183 


99975 


53208 


46792r 


00025 


46817 


3 


58 


53552 


99974 


53578 


46422 


00026 


46448 


2 


59 


53919 


99974 


53945 


46055 


00026 


46081 


1 


60 


54282 


99974 


54308 


45692 


00026 


45718 1 




Co-sine. 


Sine. 


Co-iikng. 


Tangent. 


Co-secant 


Secant. 


M.|| 
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no Artificial Sines, Tang, and Sec. 2 Degrees. 



M. 


Sine. 


Co-Siue, 


i aiigeuU 


Co-tang. 


Secant. 


Co-fecani | 


60 





8.54282 


9.99974 


8.54308 


11.45692 


10.00026 


11.45718 


i 


54642 


99973 


54669 


45331 


00027 


45358! 


59 


2 


54899 


99973 


55027 


44973 


00027 


45001 


58 


3. 


56354 


99972 


55382 


44618 


00028 


44646 


57 


4 


65705 


99972 


55734 


44266 


00028 


44295 


56 


5 


66054 


99971 


56083 


43917 


00029 


43946 


55 


tf 


56400 


99971 


56429 


43571 


00029^ 


43600 


54 


7 


56743 


99970 


56773 


43227 


00030 


43257 


53 


8 


57084 


99970 


57114 


42886 


00030 


42916 


52 


& 


57421 


99969 


57452 


42548 


06031 


42579 


51 


10 


8.57767 


9.99969 


8.57788 


11.42212 


10.00031 


11.42243 


50 


11 


58089 


99968 


58121 


41879 


00032 


41911 


49 


IS 


68419 


99968 


58451 


41549 


00032 


41581 


48 


13 


68747 


99967 


58779 


41221 


00033 


41253 


47 


14 


59072 


99967 


50105 


40895 


00033 


40928 


46 


15 


69895 


90967 


59428 


40572 


00033 


46605 


45 


16 


69715 


99966 


59749 


40251 


00034 


46285 


44 


17 


60083 


99966 


60068 


39932 


00034 


39967 


43 


18 


60349 


90965 


60384 


39616 


00035 


39651 


42 


19 


60662 


99964 


60698 


39302 


00036 


39338 


41 


20 


8.60973 


9.99964 


8.61009 


11.38991 


10.00036 


11.39027 


40 1 


31 


61282 


96963 


61319 


38681 


00037 


38718 39 1 


22 


61588 


99963 


61626 


38374 


00037 


38411 


38 


23 


61894 


99962 


61931 


38069 


00606 


38106 


37 


34 


62196 


99962 


62234 


37766 


00036 


37804 


36 


25 


63497 


99961 


62535 


37465 


00039 


37503 


35 


26 


62795 


99961 


62834 


» 37166 


00039 


37205 


34 


37 


63091 


99960 


63131 


36869 


00040 


36909 


33 


28 


63385 


96960 


63426 


36574 


00040 


36615 


32 


29 


63678 


99950 


63718 


36282 


0004! 


36322 


31 


30 


8.63968 


9.99959 


8.64009 


11.35991 


10.00041 


11.36032 


31 


64256 


99958 


64298 


35702 


00042 


35744 


29 


32 


64543 


99958 


64585 


35415 


00042 


35457 


28 

27 


33 


64827 


99957 


64870 


^130 


00O43 


35173 


34 


65110 


99956 


65154 


34846 


00044 


34890 


26 


35 


65391 


99956 


65435 


34565 


00044 


34609 


25 


36 


65670 


99955 


65715 


34285 


00045 


34390 


24 


37 


65947 


90955 


65993 


34007 


60045 


34053 


23 


38 


66223 


99954 


66269 


33731 


00046 


33777 


22 


39 


66497 


99954 


66543 


33457 


00046 


33503 


21 
20 


40 


8.66769 


9.99953 


8.66816 


11.33184 


10.00047 


11.33331 


41 ' 


67039 


99952 


67087 


32913 


00048 


32961 


19 


42 


67308 


99952 
99951 


67356 


32644 


00048 


32692 


18 


43 


67575 


67624 


32376 


00049 


32425 


17 


44 


67841 


99951 


67890 


32110 


00049 


32159 


16 
15 


45 


68104 


99950 


68154 


31846 


00050 


31896 


46 


68367 


99949 


68417 


31583 


00051 


31633 


14 


47 


68627 


99949 


68678 


31322 


00051 


31373 


13 


48 


68886 


99948 


68938 


31062 


00052 


31114 


12 


49 


69144 


99948 


69196 


30804 


00059 


30856 
11.30600 


11 
10 


50 


8.69400 


9.99947 


8.69453 


11.30547 


10.00053 


51 


69654 


99946 


69708 


30292 


00054 


30346 


9 


52 


69907 


99946 


69962 


30038 


00054 


30093 


8 


53 


70159 


99945 


70214 


29786 


00055 


29841 


7 


54 


70409 


99944 


70465 


29535 


00056 


29591 


6 


55 


70658 


99944 


70714 


29286 


00056 


29342 


5 


56 


70905 


99943 


70962 


29038 


00057 


29095 


4 


57 


71151 


99942 


71208 


28792 


00058 


28849 


3 


58 


71395. 


99942 


71453 


2a547 


00058 


28605 


• 


59 


71638 


99941 


71697 


28303 


00059 


28362 


1 


60 


71880 


99940 


71940 


28060 


00060 


28120 



M 


• 


Co-«in*». 


Sine. 


Co-tanar. 


T»inp«nt. 


Co-9Acnnt 


Secant. 



&7 Degrees. 



l"*""*^ 


Artificial SiiM 


», Tang 


; and Sec 3 Degrees. 


Ill 


^ 


Sine. 


Cc-tina. 


Tangent. 


Co-Unj^. 


Secant 


Co-tecaut 







8.71880 


9.99940 


8.71940 


11.28060 


10.00060 


11.281;£0 


60 


1 


72120 


99940 


72181 


27819 


00060 


27880 


59 


t 


72359 


99939 


72420 


27580 


00061 


27641 


58 


3 


72597 


09938 


72659 


27341 


00062 


27403 


57 


4 


72834 


99938 


72896 


27104 


00062 


27166 


56 


5 


73069 


99937 


73132 


26868 


00063 


26931 


55 


6 


73303 


99996 


73366 


26634 


00064 


26697 


54 


7 


73535 


99936 


73600 


26400 


00064 


26465 


53 


8 


73767 


99935 


73832 


26168 


00065 


26233 


52 


9 


73997 


99934 


74063 


25937 


00066 


26003 


51 
60 


10 


8.74226 


9.99934 


8.74292 


11.25708 


10.00066 


11.25774 


11 


74454 


99933 


74521 


25479 


00067 


25546 


49 


12 


74680 


99932 


74748 


25252 


00068 


25330 


48 


13 


74906 


99932 


74974 


25026 


00068 


25094 


47 


14 


75130 


99931 


75199 


24801 


0006C 


24870 


46 


15 


75353 


99990 


75423 


24577 


00070 


24647 


45 


16 


75575 


99929 


75645 


24355 


00071 


24425 


44 


17 


75795 


99929 


75867 


24133 


00071 


24205 


43 


18 


76015 


99928 


76087 


23913 


00072 


23985 


42 


19. 


76234 


99927 


76306 


23694 


00073 


23766 


41 
40 


20 


8.76451 


9.99926 


8.76525 


11.23475 


10.00074 


11.23549 


21 


76667 


99926 


76742 


23258 


00074 


23333 


39 


22 


76883 


99925 


76958 


23042 


00075 


23117 


38 


23 


77097 


99924 


77173 


22827 


00076 


22903 


37 


24 


. 77310 


99923 


77387 


22613 


00077 


22690 


36 


25 


77522 


99923 


77600 


22400 


00077 


22478 


%'> 


26 


77733 


99922 


77811 


22189 


00078 




34 


27 


77943 


99921 


78022 


21978 


00079 


22057 


33 


28 


78152 


99920 


78232 


21768 


00080 


21848 


32 


29 


78360 


99920 


78441 


21559 


00080 


21640 


31 
30 


30 


8.78568 


9.99919 


8.78649 


11.21351 


10.00081 


11.21432 


31 


78774 


99918 


78855 


21145 


00082 


121226 


29 


32 


78979 


99917 


79061 


20939 


00083 


21021 


28 


:« 


79183 


99917 


79266 


20734 


00083 


20817 


27 


34 


79386 


99916 


79470 


20530 


00084 


20614 


26 


35 


79588 


99915 


79673 


20327 


00085 


20412 


25 


36 


79789 


99914 


79875 


20125 


00086 


20211 


24 


37 


79990 


99913 


80076 


19924 


00087 


20010 


23 


38 


80189 


99913 


80277 


19723 


00087 


19811 


22 


39 


80388 


99912 


80476 


19524 


"00088 


19612 


21 


40 


8.80585 


9.99911 


8.80674 


U.1932ff 


10.00089 


11.19415 


20 


41 


80782 


99910 


80872 


19128 


00090 


19218 


19 


42 


80978 


99909 


81068 


18932 


00091 


19022 


18 


43 


81173 


99909 


81264 


18736 


00091 


18827 


17 


44 


81367 


99908 


81459 


18541 


00092 


18633 


16 


45 


81560 


99907 


81653 


18347 


00093 


18440 


15 


46 


81752 


99906 


81846 


18154 


00094 


18248 


14 


47 


81944 


99905 


82038 


17962 


00095 


18056 


13 


48 


82134 


99904 


82230 


17770 


00096 


17866 


12 


49 
50 


82324 
8.82513 


99904 


82420 


17580 


00096 


17676 


11 
10 


9.99903 


8.82610 


11.17390 


10.00097 


11.17487 


61 


82701 


99902 


82799 


17201 


00098 


17299 


9 


52 


82888 


99901 


82987 


17013 


00099 


17112 


8 


53 


83075 


99900 


83175 


16825 


00100 


16925 


7 


54 


83261 


99899 


83361 


16639 


00101 


16739 


6 


55 


83446 


99898 


83547 


16453 


00102 


16554 


6 


56 


83630 


99898 


83732 


16268 


00102 


16370 


4 


57 


83813 


99897 


83916 


16084 


00103 


16187 


3 


58 


83996 


99896 


84100 


15900 


00104 


16004 


2 


59 


84177 


99895 


84282 


15718 


00105 


15823 


1 


60 


84358 


99894 


84464 


15536 


00106 


15642 
Secant. 



M. 




Co-sinc. 


Sine. 


Co-tanff. 


Tanjrent. 


Co-secHDt 



86 Degrees. 



112 


Artificial Sines, Tang 


;. and Sec* 4 Decrees. 







Sine. 


Co-sine. 


Tangent. 


Co- tang. 


Secant. 


Co-secant 


^ 


8.84358 


9.99894 


8.84464 


11.15536 


10.00106 


11.15642 


60 


1 


84539 


99893 


84646 


15354 


00107 


15461 


59 


2 


84718 


99892 


84826 


15174 


00108 


15282 


68 


3 


84897 


99891 


85006 


14994 


00109 


15103 


67 


4 


85075 


99891 


85ld5 


14815 


00109 


14925 


56 


5 


85252 


99890 


85363 


14637 


00110 


14748 


6S 


6 


85429 


99889 


85540 


14460 


00111 


14571 


64 


7 


85605 


99888 


85717 


14283 


00112 


14395 


63 


8 


85780 


99887 


85893 


14107 


00113 


14220 


62 


9 
10 


85955 


99886 


86069 


13931 


00114 


14045 


61 


8.86128 


9.99885 


8.8^243 


11.13757 


10.00115 


11.13872 


50 


11 


86301 


99884 


86417 


13583 


00116 


13699 


49 


12 


86474 


99883 


86591 


13409 


00117 


13526 


48 


13 


86645 


99882 


86763 


13237 


00118 


13355 


47 


14 


86816 


99881 


86935 


13065 


00119 


13184 


46 


15 


86987 


99880 


87106 


12894 


r 00120 


13013 


46 


16 


87156 


99879 


87277 


12723 


00121 


12844 


44 


17 


87325 


99879 


87447 


12553 


00121 


12675 


43 


18 


87494 


99878 


87616 


12384 


00122 


12506 


42 


19 
20 


87661 


99877 


87785 


12215 


00123 


12339 


41 

40 


8.87829 


9.99876 


8.87953 


11.12047 


10.00124 


11.12171 


21 


87995 


99875 


88120 


11880 


00125 


12005 


39 


22 


88161 


99874 


88287 


• 11713 


00126 


11839 


:)H 


23 


88326 


99873 


88453 


11547 


00127 


11674 


37 


24 


88490 


99872 


88618 


11382 


00128 


11510 


36 


25 


88654 


99871 


88783 


11217 


00129 


11346 


36 


26 


88817 


99870 


88948 


11052 


00130 


11183 


34- 


27 


88980 


99869 


89111 


10889 


00131 


11020 


33 


28 


89142 


99868 


89274 


10726 


00132 


10858 


32 


29 


89304 


99867 


89437 


10563 


00133 


10696 


31 


30 


8.89464 


9.99866 


8.89598 


11.10402 


10.00134 


11.10536 


30 


31 


89625 


99865 


89760 


10240 


00135 


10375 


29 


32 


89784 


99864 


89920 


10080 


00136 


10216 


28 


J« 


89943 


99863 


90080 


09920 


00137 


10057 


27 


34 


90102 


99862 


90240 


09760 


00138 


09898 


26 


35 


90260 


99861 


90399 


09601 


00139 


09740 


25 


36 


90417 


99860 


90557 


09443 


' 00140 


09583 


24 


37 


90574 


99859 


90715 


09285 


00141 


09426 


S3 


38 


90730 


99858 


90872 


09128 


00142 


09270 


22 


39 


90885 


99857 


91029 


08971 


00143 


09115 


21 


40 


8.91040 


9.99856 


8.91185 


11.08815 


10.00144 


11.08960 


20 


41 


91195 


99855 


91340 


08660 


00145 


08805 


19 


42 


91349 


99854 


91495 


08505 


00146 


08651 


18 


43 


91502 


99853 


91650 


08350 


00147 


08488 


17 


44 


91655 


99852 


91803 


08197 


0dl48 


06345 


16 


45 


91807 


99851 


91957 


08043 


00149 


08193 


16 


46 


. 91959 


99850 


92110 


07890 


00150 


08041 


14 


47 


92110 


99848 


92262 


07738 


00152 


0789D 


13 


48 


92261 


99847 


92414 


07586 


00153 


07739 


12 


49 


92411 


99846 


92565 


07435 


00154 


07589 


11 
10 


50 


8.92561 


9.99845 


8.92716 


11.07284 


10.00155 


11.07439 


51 


92710 


99844 


92866 


07134 


00156 


07290 


9 


52 


92859 


99843 


93016 


06984 


00157 


07141 


8 


53 


93007 


99842 


93165 


06835 


00158 


06993 


7 


54 


93154 


99841 


93313 


06687 


00159 


06846 


« 


55 


93301 


99840 


93462 


06538 


00160 


06699 


6 


56 


93448 


99839 


93609 


06391 


00161 


06552 


4 


57 


93594 


99838 


93756 


06244 


00162 


06406 


3 


58 


93740 


99837 


93903 


06097 


00163 


06260 


2 


59 


93885 


99836 


94049 


05951 


00164 


06115 


1 


60 


94030 


99834 


94195 


05805 


00166 


05970 







-Co*8ine. 


Sine. 


Co-tanfT* 


Tangent. 


Co-seoant 


Secant. M. || 



85 Degrees. 



Artificial Sines, Tang, and Sec. 5 Degrees. 113 



"M. 


Sine. 


Co-sine. 


TtiiigeDt. 


Co-tang. 


Secant. 


Co-secanr 


60 


0. 


8.94030 


9.99834 


8.94195 


11.05805 


10.00166 


11.05970 


1 


94174 


99833 


94340 


05660 


00167 


05826 


59 


2 


94317 


99832 


94485 


05515 


00168 


05683 


68 


3 


94461 


99831 


94630 


05370 


00169 


05539 


57 


4 


94603 


99830 


94773 


05227 


00170 


05397 


56 


6 


94746 


99829 


94917 


05083 


.00171 


05254 


65 


6 


94887 


99828 


95060 


04940 


00172 


05113 


64 


7 


95029 


99827 


95202 


04798 


00173 


04971 


53 


8 


95170 


99825 


95344 


04656 


00175 


04830 


62 


9 


95310 


99824 


95486 


04514 


00176 


04690 


61 

50 


10 


8.95450 


9.99823 


8.95627 


11.04373 


10.00177 


11.04550 


11 


95589 


99822 


95767 


04233 


00178 


04411 


49 


12 


95728 


99821 


95908 


04092 


00179 


04272 


48 


13 


95867 


99820 


96047 


03953 


00180 


04133 


47 


14 


96005 


99819 


96187 


03813 


00181 


03995 


46 


15 


96143 


99817 


96325 


08675 


00183 


08857 


46 


16 


96280 


99816 


96464 


03536 


00184 


03720 


44 


17 


96417 


99815 


96602 


08398 


00185 


03583 


43 


18 


96553 


99814 


96739 


03261 


00186 


08447 


42 


19 


96689 


99813 


96877 


03123 


00187 


03311 


41 
40 


20 


8.96825 


9.99812 


8.97013 


11.02987 


10.00188 


11.03175 


21 


96960 


99810 


97150 


02850 


00190 


03040 


39 


22 


97095 


99809 


97285 


02715 


00191 


02905 


38 


23 


97229 


99808 


97421 


02579 


00192 


02771 


37 


24 


97363 


99807 


97556 


02444 


00193 


02637 


36 


25 


97496 


99806 


97691 


02309 


00194 


02504 


35 


26 


97629 


99804 


97825 


02175 


00196 


02371 


34 


27 


97762 


09803 


97959 


02041 


00197 


02238 


33 


28 


97894 


99802 


98092 


01908 


00198 


02106 


32 


29 


98026 


99801 


98225 


01775 


00199 


01974 


31 
30 


30 


8.98157 


9.99800 


8.98358 


11.01642 


10.00200 


11.01843 


31 


98288 


99798 


98490 


01510 


00202 


01712 


29 


32 


98419 


99797 


98622 


01378 


00203 


01581 


28 


33 


98549 


99796 


98753 


01247 


00204 


01451 


27 


34 


98679 


99795 


98884 


01116 


00205 


01321 


26 


35 


98808 


99793 


99015 


00985 


00207 


01192 


26 


36 


08937 


99792 


99145 


00855 


00208 


01063 


24 


37 


99066 


99791 


99275 


00725 


00209 


00934 


23 


38 


99194 


99790 


09405 


00595 


00210 


00806 


22 


39 


99322 


99788 


99534 


00466 


00212 


00678 


21 
20 


40 


8.99450 


9.99787 


8.99662 


11.00398 


10.00213 


11.00550 


41 


99577 


99786 


99791 


00209 


00214 


00423 


19 


42 


99704 


99785 


99919 


00081 


00215 


00296 


18 


43 


99830 


99783 


9.00046 


10.99954 


00217 


00170 


17 


44 


99956 


99782 


00174 


99826 


00218 


00044 


16 


45 


9.00082 


99781 


00301 


99699 


00219 


10.99918 


16 


46 


00207 


99780 


00427 


99573 


00220 


99793 


14 


47 


00332 


99778 


00553 


99447 


00222 


99668 


13 


48 


00456 


99777 


00679 


99321 


00223 


99544 


12 


49 


00581 


99776 


00805 


99195 


00224 


99419 


11 
10 


50 


9.00704 


9.99776 


9.00930 


10.99070 


10.00225 


10.99296 


51 


00828 


99773 


01055 


98945 


00227 


99172 


9 


52 


00951 


99772 


01179 


98821 


00228 


99049 


8 


53 


01074 


99771 


01303 


98697 


00229 


98926 


7 


54 


01196 


99769 


01427 


98573 


00231 


98804 


6 


55 


01318 


99768 


01550 


98450 


00232 


98682 


6 


56 


01440 


99767 


01673 


98327 


00233 


98560 


4 


57 


01561 


99765 


01796 


98204 


00235 


98439 


3 


58 


01682 


99764 


01918 


98082 


00236 


98318 


2 


59 


01803 


99763 


02040 


97960 


00237 


98197 


1 


60 


01923 


99761 


02162 


97838 


00239 


98077 







Co-tine. 


Bine. 


Co-Un?. 


Tanjfent. 


Co-secant 


Secant. 



28* 



84 Degrees. 
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M. 


Sine. 


Co-81Q«. 


Taofent. 


Co-tang. 


Secant. 


Co-secant 
10.98077 





U 


9.01923 


9.99761 


9.02162 


10.97838 


10.00239 


60 


1 


02043 


99760 


03283 


97717 


00240 


97957 


59 


2 


02163 


99759 


02404 


97596 


00241 


97837 


58 


3 


02283 


99757 


02525 


97475 


00243 


97717 


57 


4 


02402 


99756 


02645 


97355 


00244 


97598 


56 


5 


02520 


99755 


02766 


97234 


00245 


97480 


55 




6 


02639 


99753 


02885 


97115 


00247 


97361 


54 




7 


02757 


99752 


03005 


96995 


00248 


97243 


5:i 




8 


02874 


99751 


03124 


96876 


00249 


97126 


52 




9 


02992 


09749 
9.99748 


03242 


96758 


00251 


97008 


51 




10 


9.03109 


9.03361 


10.96639 


10.00252 


10.96891 


50 




11 


08226 


99747 


03479 


96521 


00253 


96774 


49 




12 


03342 


99745 


03597 


96403 


00255 


96658 


48 




13 


03458 


99744 


08714 


96286 


00256 


96542 


47 




14 


03574 


99742 


03832 


96168 


00258 


96426 


46 




15 


03690 


09741 


03948 


96052 


' 00259 


96310 


45 




16 


03805 


99740 


04065 


95935 


00260 


96195 


44 




17 


03920 


99738 


04181 


95819 


00262 


96080 


43 




18 


04034 


99737 


04297 


95703 


00263 


95966 


42 11 


19 


04149 


99736 


04413 


951)87 


00264 


95851 


41 




20 


9.04262 


9.99734 


9.04528 


10.95472 


10.00266 


10.95738 


40 


21 


04376 


99733 


04643 


95357 


(to267 


95624 


39 


22 


04490 


99731 


04758 


95242 


00269 


95510 


38 


23 


04603 


99730 


04873 


95127 


00270 


95397 


37 


24 


04715 


99728 


04987 


95013 


00272 


95285 


36 


25 


04828 


99727 


05101 


94899 


00273 


95172 


35 


26 


04940 


99726 


05214 


94786 


00274 


95060 


34 


27 


05052 


99724 


05328 


94672 


00276 


94948 


33 


28 


05164 


99723 


05441 


94559 


00277 


94836 


32 


29 


05275 


99721 


05553 


94447 


00279 


94725 


31 


30 


9.05386 


9.99720 


9.05666 


10.94334 


rO.00280 


10.94614 


30 


31 


05497 


99718 


06778 


94222 


00282 


94503 


29 


32 


a5607 


99717 


05890 


94110 


00283 


94393 


28 


33 


05717 


99716 


06002 


93998 


00284 


94283 


27 


34 


0582T 


99714 


06113 


93887 


00286 


94173 


26 


35 


05937 


99713 


06224 


93776 


00287 


94063 


25 


36 


06046 


99711 


06335 


93665 


00289 


93954 


24 


37 


06155 


99710 


06445 


93555 


00290 


93845 


23 


38 


06264 


99708 


06556 


93444 


00292 


93736 


22 


39 


06372 


99707 


06666 


93334 


00293 


93628 


21 


1 


40 


9.06431 


9.99705 


9.06775 


10.93225 


10.00295 


10.93519 


20 


41 


06589 


99704 


06885 


93115 


00296 


93411 


19 1 


42 


06696 


99702 


06994 


93006 


00298 


93304 


18 1 


43 


06804 


99701 


07103 


92897 


00299 


93196 


17 1 


44 


06911 


99699 


07211 


92789 


00301 


93089 


16 1 


45 


07018 


99698 


07320 


92680 


00302 


92982 


15 1 


46 


07124 


99696 


07428 


92572 


00304 


92876 


14 




47 


07231 


99695 


07536 


92464 


00305 


92769 


13 




48 


07337 


99693 


07643 


92357 


00307 


92663 


12 




49 


07442 


99692 


07751 


92249 


00808 


92558 


11 




50 


9.07548 


9.99690 


9.07858 


10.92142 


10.00310 


10.92452 


10 




51 


076,53 


99689 


07964 


92036 


00311 


92347 


9 




52 


07758 


99687 


00071 


91929 


00313 


92242 


8 




53 


07863 


99686 


08177 


91823 


00314 


92137 


7 




54 


07968 


99684 


08283 


91717 


00316 


92032 


6 




55 


08072 


99683 


08389 


91611 


00317 


91928 


5 1 


56 


08176 


99681 


08495 


91505 


00319 


91824 


4P 


57 


08280 


99680 


08600 


91400 


00320 


91720 


3 




58 


08383 


99678 


08705 


01295 


00322 


91617 


2 




59 


08486 


99677 


08810 


91190 


00323 


91514 


1 




60 


06589 


99675 


08914 


91086 


00325 


91411 







( 


Co-«ine. 


Sine. 


Co-tang^. 


T?ngent. 


Co-secant 


Secant. M. | 
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M. 


!Siae. 


Co-aine. 


'lan|;eDt. 


Co-tang. 


Secant. 


Co-secaut 


60 





9.08589 


9.99675 


9.08914 


10.91086 


10.00325 


10.91411 


1 


08692 


99674 


09019 


90981 


00326 


91308 


69 


2 


08795 


99672 


09123 


90877 


00328 


91205 


58 


3 


08897 


99670 


09227 


90773 


00330 


91103 


67 


4 


08999 


99669 


09330 


90670 


00331 


91001 


56 


5 


09101 


99667 


09484 


90566 


00333 


90899 


55 


6 


09202 


99666 


09537 


90463 


00334 


90798 


54 


7 


09304 


99664 


09640 


90360 


00336 


90696 


53 


8 


09405 


99663 


09742 


90258 


00337 


90595 


52 


9 


09506 


99661 


09845 


90155 


i 00339 


90494 


51 


10 


9.09606 


9.99659 


9.09947 


10.90053 


10.00341 


10.90394 


50 


11 


09707 


99658 


10049 


89951 


00342 


90293 


49 


12 


09807 


99656 


10150 


89850 


00344 


90193 


48 


13 


09907 


99655 


10252 


89748 


00345 


90093 


47 


14 


10006 


99653 


10353 


89647 


00347 


89994 


46 


15 


10106 


99651 


10454 


89546 


00349 


. 89894 


45 


16 


10205 


99650 


10555 


89445 


00350 


89795 


44 


17 


10304 


99648 


10656 


89344 


00352 


89696 


43 


18 


10402 


99647 


10756 


89244 


00353 


89598 


42 


19 


10501 


99645 


10856 


89144 


00355 


89499 


41 

40 


20 


9.10599 


9.99643 


9.10956 


*10.89044 


10.00357 


10.89401 


21 


10697 


99642 


11056 


88944 


00358 


89303 


39 


22 


10795 


99640 


11155 


88845 


00360 


89205 


38 


23 


10893 


99638 


11254 


88746 


00362 


89107 


37 


24 


10990 


99637 


11353 


88647 


00363 


89010 


36 


25 


11087 


99635 


11452 


88548 


00365 


88913 


a5 


26 


11184 


99633 


11551 


88449 


00367 


88816 


34 


27 


11281 


99632 


11649 


88351 


00368 


88719 


33 


28 


11377 


99630 


11747 


88253 


00370 


88623 


32 


29 


11474 


99629 


11845 


88155 


00871 


88526 


31 
30 


30 


9.11570 


9.99627 


9.11943 


10.88057 


10.00373 


10.88430 


31 


11666 


99625 


12040 


87960 


00875 


88334 


29 


32 


11761 


99624 


12138 


87862 


00376 


88239 


28 


33 


11857 


99622 


12235 


87765 


00878 


88143 


27 


34 


11952 


99620 


12332 


87668 


00880 


88048 


26 


m 


12047 


99618 


12428 


87572 


00382 


87953 


25 


36 


12142 


99617 


12525 


87475 


00883 


87858 


24 


37 


12236 


99615 


12621 


87379 


00385 


87764 


23 


38 


12331 


99613 


12717 


87283 


00387 


87669 


22 


39 
40 


12425 


99612 


12813 


87187 


00388 


87575 


21 


9.12519 


9.99610 


9.12909 


10.87091 


10.00390 


10.87461 


20 


41 


12612 


99608 


13004 


86996 


00892 


87388 


19 


42 


12706 


99607 


13099 


86901 


00393 


87294 


18 


43 


12799 


99605 


13194 


86806 


00395 


87201 


17 


44 


12892 


99603 


13289 


86711 


00397 


87108 


16 


45 


12985 


99601 


13384 


86616 


00399 


87015 


15 


46 


13078 


99600 


13478 


86522 


00400 


86922 


14 


47 


lbl7l 


99598 


13573 


86427 


00402 


86829 


13 


48 


13263 


99596 


13667 


86333 


00404 


86737 


12 


49 


13355 


99595 


13761 


86239 


00405 


86645 


11 


50 


9.13447 


9.99593 


9.13854 


10.86146 


10.00407 


10.86553 


10 


51 


13539 


99591 


13948 


86052 


00409 


86461 


9 


52 


13630 


99589 


14041 


85959 


00411 


86370 


8 


53 


13722 


99588 


14134 


85866 


00412 


86278 


7 


54 


13813 


99586 


14227 


85773 


00414 


86187 


6 


55 


13904 


99584 


14320 


85680 


00416 


86096 


5 


56 


13994 


99582 


14412 


85588 


00418 


86006 


4 


57 


14085 


99581 


14504 


85496 


00419 


85915 


3 


58 


14175 


99579 


14597 


85403 


00421 


85825 


2 


59 


14266 


99577 


14688 


85312 


00423 


85734 


1 


60 


14356 


99575 


14780 


85220 


00425 


85644 







Co-fin*. 


Sm« 


Co-tan?. 


Tanpent. 


Co-8«cant 


Secant. 


M. 
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M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.14356 


9.99575 


9.14780 


10.85220 


10.00425 


10.85644 


60 


1 


14445 


99574 


14872 


85128 


00426 


85555 


S9 


2 


14535 


99572 


14963 


85037 


00428 


85465 


58 


3 


14624 


99570 


15054 


84946 


00430 


85376 


57 


4 


14714 


99568 


15145 


84855 


00432 


85286 


56 


6 


14803 


99566 


15236 


84764 


00434 


85197 


55 


6 


14891 


99565 


15327 


84673 


00435 


85109 


54 


7 


14980 


99563 


15417 


84583 


00437 


85020 


53 


8 


15069 


99561 


15508 


84492 


00439 


84931 


52 


9 


15157 


99559 


15598 


84402 


00441 


84843 


51 


10 


9.15245 


9.99557 


9.15688 


10.84312 


10.00443 


10.84755 


50 


11 


15333 


99556 


15777 


84223 


00444 


84667 


49 


12 


15421 


99554 


15867 


84133 


00446 


84579 


48 


13 


15508 


99552 


15956 


84044 


00448 


84492 


47 


14 


15596 


.99550 


16046 


83954 


00450 


84404 


46 


15 


15683 


99548 


16135 


83865 


00452 


84317 


45 


16 


15770 


99546 


16224 


83776 


00454 


84230 


44 


17 


15857 


99545 


16312 


83688 


00455 


84143 


43 


18 


15944 


99543 


16401 


83599 


00457 


84056 


42 


19 


16030 


99541 


16489 


83511 


00459 


83970 


41 


ao 


9.16116 


9.99539 


9.16577' 


10.83423 


10.00461 


10.83884 


40 


«1 


16203 


99537 


16665 


83335 


00463 


83797 


39 


22 


16289 


99535 


16753 


83247 


00465 


83711 


38 


23 


16374 


99533 


16841 


83159 


00467 


83626 


37 


24 


16460 


99532 


16928 


83072 


00468 


83540 


36 


25 


16545 


99530 


17016 


82984 


00470 


83455 


35 


26 


16631 


99528 


17103 


82897 


00472 


83369 


34 


27 


16716 


99526 


17190 


82810 


00474 


83284 


33 


28 


16801 


99524 


17277 


82723 


00476 


83199 


32 


29 


16886 


99522 


17363 


82637 


00478 


83114 


31 


30 


9.16970 


9.99520 


9.17450 


10.82550 


10.00480 


10.83030 


30 


31 


17055 


99518 


17536 


82464 


00482 


82945 


29 1 


32 


17139 


99517 


17622 


82378 


00483 


82861 


28 1 


33 


17223 


99515 


17708 


82292 


00485 


82777 


27 


34 


17307 


99513 


17794 


82206 


00487 


82693 


26 ; 


35 


17391 


99511 


17880 


82120 


00489 


82609 


25 


36 


17474 


99509 


17965 


82035 


00491 


82526 


24 


37 


17558 


99507 


18051 


81949 


00493 


82442 


23 


38 


17641 


99505 


18136 


81864 


00495 


82359 


22 


39 


17724 


99503 


18221 


81779 


00497 


82276 


21 


40 


f. 17807 


9.99501 


9.18306 


10.816^4 


10.00499 


10.82193 


20 


41 


17890 


99499 


18391 


81609 


00501 


82110 


19 


42 


17973 


99497 


18475 


81525 


00503 


82027 


18 


43 


18055 


99495 


18560 


81440 


00505 


81945 


17 


44 


18137 


99494 


18644 


81356 


00506 


81863 


16 


45 


18220 


99492 


18728 


81272 


00508 


81780 


15 


46 


18302 


99490 


18812 


81188 


00510 


81698 


14 


47 


18383 


99488 


18896 


, 81104 


00512 


81617 


13 


48 


18465 


99486 


18979 


81021 


00514 


81535 


12 


49 
50 


18547 


99484 


19063 


80937 


00516 


81453 


11 

10 


9.18628 


9.99482 


9.19146 


10.80854 


10.00518 


10.81372 


51 


18709 


99480 


19229 


80771 


00520 


81291 


9 


52 


1»790 


99478 


19312 


80688 


00522 


81210 


8 


53 


18871 


99476 


19395 


80605 


00524 


81129 


7 


54 


18952 


99474 


19478 


80522 


00526 


81048 


6 


55 


19033 


99472 


19561 


80439 


00528 


80967 


5 


56 


19113 


99470 


19643 


80357 


00530 


80887 


4 


57 


19193 


99468 


19725 


80275 


00532 


80807 


3 


58 


19273 


99466 


19807 


80193 


00534 


80727 


2 


59 


19353 


99464 


19889 


80111 


00536 


80647 


1 


60 


19433 


99462 


19971 


80029 


00538 


80567 



M. 




Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 



81 Degreefl. 
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M. 


Sine. 


Co-sine. 


Tangent. 
9.19971 


Co-tanff. 


Secant. 


Co-secant 


60 





9.19433 


9.99462 


10.80029 


10.00538 


10.80567 


1 


19513 


99460 


20053 


79947 


00540 


80487 


59 


2 


19592 


99458 


20134 


79866 


00542 


80408 


58 


3 


19672 


99456 


20216 


79784 


00644 


80328 


57 


4 


19751 


99454 


20297 


79703 


. 00546 


80249 


56 


5 


19830 


99452 


20378 


79622 


00548 


80170 


55 


6 


19909 


99450 


20459 


79541 


00550 


80091 


64 


7 


19988 


99448 


20540 


79460 


00552 


80012 


53 


8 


20067 


99446 


20621 


79379 


00554 


79933 


52 


9 


20145 


99444 


20701 


79299 


00556 


79855 


51 
50 


10 


9.20223 


9.99442 


9.20782 


10.79218 


10.00558 


10.79777 


11 


20302 


99440 


20862 


79138 


00560 


79698 


49 


12 


20380 


99438 


20942 


79058 


00562 


79620 


48 


1 13 


20458 


99436 


21022 


78978 


00564 


79542 


47 


14 


20535 


99434 


21102 


78898 


00566 


79465 


46 


15 


20613 


99432 


21182 


78818 


00568 


79387 


45 


16 


20691 


99429 


21261 


78739 


00571 


79309 


44 


17 


20768 


99427 


21341 


78659 


00573 


79232 


43 


18 


20845 


99425 


21420 


78580 


00575 


79155 


42 


19 
20 


20922 


99423 


21499 


78501 


00577 


79078 


41 
40 


9.20999 


9.99421 


9.21576 


10.78422 


10.00579 


10.79001 


21 


21076 


99419 


21657 


78343 


00581 


78924 


39 


22 


21153 


99417 


21736 


78264 


00583 


78847 


38 


23 


21229 


99415 


21814 


78186 


00585 


78771 


37 


24 


21306 


99413 


21893 


78107 


00587 


78694 


36 


25 


21382 


99411 


21971 


78029 


00589 


78618 


35 


26 


21458 


99409 


22049 


77951 


00591 


78542 


34 


27 


21534 


99407 


22127 


77873 


00593 


78466 


33 


28 


21610 


99404 


22205 


77795 


00596 


78390 


32 


29 


21685 


99402 


.22283 


77717 


00598 


78315 


31 
30 


30 


9.21761 


9.99400 


9.22361 


10.77639 


10.00600 


10.78239 


31 


21836 


99398 


22438 


77562 


00602 


78164 


29 


32 


21912 


99396 


22516 


77484 


00604 


78088 


28 


33 


21987 


99394 


22593 


77407 


00606 


78013 


27 


34 


22062 


99392 


22670 


77330 


00608 


77938 


26 


35 


22137 


99390 


22747 


77253 


00610 


77863 


25 


36 


22211 


99388 


22824 


77176 


00612 


77789 


24 


37 


22286 


99385 


22901 


77099 


00615 


77714 


23 


38 


22361 


99383 


22977 


77023 


00617 


77639 


22 


39 


22435 


99381 


23054 


76946 


00619 


77565 


21 
20 


40 


9.22509 


9.99379 


9.23130 


10.76870 


10.00621 


10.77491 


41 


22583 


99377 


23206 


76794 


00623 


77417 


19 


42 


22657 


99375 


23283 


76717 


00625 


77343 


18 


43 


22731 


99372 


23359 


76641 


00628 


77269 


17 


44 


22805 


99370 


23435 


76565 


00630 


77195 


16 


45 


22878 


99368 


23510 


76490 


00632 


77122 


15 


46 


22952 


99366 


23586 


76414 


00634 


77048 


14 


47 


23025 


99364 


23661 


76339 


00636 


76975 


13 


48 


23098 


99362 


23737 


76263 


00638 


76902 


12 


1 49 


23171 


99359 


23812 


76188 


00641 


76829 


11 
10 


50 


9.23244 


9.99357 


9.23887 


10.76113 


10.00643 


10.76756 


51 


23317 


99355 


23962 


76038 


00645 


76683 


9 


52 


23390 


99353 


24037 


75963 


00647 


76610 


8 


53 


23462 


99351 


24112 


75888 


00649 


76638 


7 


54 


23535 


99348 


24186 


75814 


00652 


76465 


6 


55 


23607 


99346 


24261 


75739 


00654 


76393 


5 


56 


23679 


99344 


24335 


75665 


00656 


76321 


4 


57 


23752 


99342 


24410 


75590 


00658 


76248 


3 


58 


23823 


99340 


24484 


75516 


00660 


76177 


? 


59 


23895 


99337 


24558 


75442 


00663 


76105 




60 


23967 


99335 


24632 


75368 


00665 


76033 





Co-sine. 


Sine. 


Co-tang^. 


Tang^ent. 


Co-iecant 


Secant. 
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M. 


bine. 


Co-sine. 


i augent. 


Co-tang^. 


Secant. 


Co-Becaut 
10.76033 


i 





9.23967 


9.99335 


9.24632 


10.75368 


10.00665 


GO 1 


1 


24039 


99333 


24706 


75294 


00667 


75961 


59 1 


2 


24110 


99331 


24779 


75221 


00669 


75890 


58 1 


3 


24181 


99328 


24853 


75147 


00672 


75819 


57 1 


4 


24253 


99326 


24926 


75074 


00674 


75747 


56 


6 


24324 


99324 


25000 


75000 


00676 


75676 


55 


6 


24395 


99322 


25073 


74927 


00678 


75605 


54 


7 


24466 


99319 


25146 


74854 


t3681 


75534 


53 


8 


24536 


99317 


25219 


74781 


00683 


75464 


52 


9 


24607 


99315 


25292 


74708 


00685 


75393 


51 


10 


9.24677 


9.99313 


9.25365 


10.74635 


10.00687 


10.75323 


50 


11 


24748 


99310 


25437 


74563 


00690 


75252 


49 


12 


24818 


99308 


25510 


74490 


00692 


75182 


46 


13 


24888 


99306 


25582 


74418 


00694 


75112 


47 


14 


24958 


99304 


25655 


74345 


00696 


75042 


46 


15 


25028 


99301 


25727 


74273 


00699 


74972 


45 


16 


25098 


99299 


25799 


74201 


00701 


74902 


44 


17 


25168 


99297 


25871 


74129 


00703 


74832 


43 


18 


25237 


99294 


25943 


74057 


00706 


74763 


42 


19 
20 


25307 


99292 


26015 


73985 


00708 


74693 


41 


9.25376 


9.99290 


9.26086 


10.73914 


10.00710 


10.74624 


40 


21 


25445 


99288 


26158 


73842 


00712 


74555 


39 


22 


25514 


«9285 


26229 


73771 


00715 


74486 


38 


23 


25583 


99283 


26301 


73699 


00717 


74417 


37 


24 


25652 


99281 


26372 


73628 


00719 


74348 


36 


25 


25721 


99278 


26443 


73557 


00722 


74279 


35 


26 


25790 


99276 


26514 


73486 


00724 


74210 


34 


27 


25858 


99274 


26585 


73415 


00726 


74142 


33 


28 


25927 


99271 


26655 


73345 


00729 


74073 


32 


29 


25995 


99269 


26726 


73274 


00731 


74005 


31 


30 


9.26063 


9.99267 


9.26797 


10.73203 


10.00733 


10.73937 


30 


31 


26131 


99264 


26867 


73133 


00736 


73869 


29 


32 


26199 


99262 


26937 


73063 


00738 


73801 


28 


33 


26267 


99260 


27008 


72992 


00740 


73733 


27 


34 


26335 


99257 


27078 


72922 


00743 


73665 


26 


35 


26403 


99255 


27148 


72852 


00745 


73597 


25 


36 


26470 


99252 


27218 


72782 


00748 


73530 


24 


37 


26538 


99250 


27288 


72712 


00750 


73462 


23 


38 


26605 


99248« 


27357 


72643 


00752 


73395 


22 


39 


26672 


89245 


27427 


72573 


00755 


73328 


21 


40 


9.26739 


9.99243 


9.27496 


10.72504 


10.00757 


10.73261 


SO 


41 


26806 


99241 


27566 


72434 


00759 


73194 


19 


42 


26873 


99238 


27635 


72365 


00762 


73127 


18 


43 


26940 


99236 


27704 


72296 


00764 


73060 


17 


44 


27007 


99233 


27773 


72227 


00767 


72993 


16 


45 


27073 


99231 


27842 


72158 


00769 


72927 


15 


46 


27140 


99229 


27911 


72089 


00771 


72860 


14 


47 


27206 


99226 


27980 


72020 


00774 


72794 


13 


48 


27273 


99224 


28049 


71951 


00776 


72727 


12 


49 
50 


27339 


99221 


28117 


71883 


00779 


72661 


11 


9.27405 


9.99219 


9.28186 


10.71814 


10.00781 


10.72595 


10 


51 


27471 


99217 


28254 


71746 


00783 


72529 


9 


52 


27537 


99214 


28323 


71677 


00786 


72463 


8 


53 


27602 


99212 


28391 


71609 


00788 


72398 


•7 


64 


27668 


99209 


28459 


71541 


00791 


72332 


6 


55 


27734 


99207 


28527 


71473 


00793 


72266 


6 


56 


27799 


99204 


28595 


71405 


00796 


72201 


4 


67 


27864 


99202 


28662 


71338 


00798 


72136 


3 


58 


27930 


99200 


28730 


71270 


ooeoo 


72070 


2 


69 


27995 


99197 


28798 


71202 


00803 


72005 


1 


60 


28060 


99195 


28865 


71135 


00805 


71940 







Co-sine. 


Sine. 


Co-tan^. 


Tangent. 


Co-fecant 


Secant. M. | 



79 Degree!. 



Artificial Sines, Tang« and Sec. II Degrees, 119 





M. 


bine.. 


Co-Bine."" 


TaDgeiit. 
9.28865 


Co-tKn^. 


becaut. 


Co-secant 


SSB 







9.28060 


9.99195 


10.71135 


10.00805 


10.71940 


60 




1 


28125 


99192 


28933 


71067 


00808 


71875 


59 




2 


28190 


99190 


29000 


71000 


00810 


71810 


58 




3 


28254 


99187 


29067 


70933 


00813 


71746 


57 




4 


28319 


99185 


29134 


70866 


00815 


71681 


56 




5 


28384 


99182 


29201 


70799 


00818 


71616 


55 




6 


28448 


99180 


29268 


70732 


00820 


71552 


54 




7 


28512 


99177 


29335 


70665 


00823 


71488 


53 




8 


28577 


99175 


29402 


70598 


00825 


71423 


52 




9 
10 


28641 


99172 


29468 


70532 


00828 


71359 


51 
50 




9.28705 


9.99170 


9.29535 


10.70465 


10.00830 


10.71295 




11 


28769 


99167 


29601 


70399 


00833 


71231 


49 




12 


28833 


99165 


29668 


70332 


00835 


71167 


48 




13 


, 28896 


99162 


29734 


70266 


00838 


71104 


47 




14 


28960 


' 99160 


29800 


70200 


00840 


71040 


46 




15 


29024 


99157 


29866 


70134 


00843 


70976 


45 




16 


29087 


99155 


29932 


70068 


00845 


70913 


44 




17 


29150 


99152 


29998 


70002 


00848 


70850 


43 




18 


29214 


99150 


30064 


69936 


00850 


70786 


42 




19 


29277 


99147 


30130 


69870 


00853 


70723 


41 
40 




20 


9.29340 


9.99145 


9.30195 


10.69805 


10.00855 


10.70660 




21 


29403 


99142 


30261 


69739 


00858 


70597 


39 




22 


29466 


99140 


30326 


69674 


00860 


70534 


38 




23 


29529 


99137 


30391 


69609 


00863 


70471 


37 




24 


29591 


99135 


30457 


69543 


00865 


70409 


36 




25 


29654 


99132 


30522 


69478 


00868 


70346 


35 




28 


29716 


99130 


30587 


69413 


00870 


70284 


34 




27 


29779 


99127 


30652 


69348 


00873 


70221 


33 




28 


29841 


99124 


30717 


69283 


00876 


70159 


32 




29 


29903 


99122 


30782 


69218 


00878 


70097 


31 




30 


9.29966 


9.99119 


9.30846 


10.69154 


10.00881 


10.70034 


30 




31 


30028 


99117 


30911 


69089 


00883 


69972 


29 




32 


30090 


99114 


30975 


69025 


00886 


69910 


28 




33 


30151 


99112 


31040 


68960 


00888 


69849 


27 




34 


30213 


99109 


31104 


68896 


00891 


69787 


26 




35 


30275 


99106 


31168 


68832 


00894 


69725 


25 




36 


30336 


99104 


31233 


68767 


00896 


69664 


24 




37 


30398' 


99101 


31297 


68703 


00899 


69602 


23 




38 


30459 


99099 


31361 


68639 


00901 


69541 


22 




39 


30521 


99096 


31425 


68575 


00904 


69479 


21 




40 


9.30582 


9.99093 


9.31489 


10.68511 


10.00907 


10.69418 


20 




41 


30643 


99091 


31552 


68448 


00909 


69357 


19 




42 


30704 


99088 


31616 


68384 


00912 


69296 


18 




43 


30765 


99086 


3W79 
31743 


68321 


00914 


69235 


17 




44 


30826 


99083 


68257 


00917 


69174 


16 




45 


30887 


> 99080 


31806 


68194 


00920 


69113 


15 




46 


30947 


99078 


31870 


68130 


00922 


69053 


14 




47 


31008 


99075 


31933 


68067 


00925 


68992 


13 




48 


31068 


99072 


31996 


68004 


00928 


68932 


12 




49 


31129 


69070 


32059 


67941 


- 00930 


68871 


11 
10 




50 


9.31189 


9.99067 


9.32122 


10.67878 


10.00933 


10.68811 




51 


31250 


99064 


32185 


67815 


00936 


68750 


9 




52 


31310 


99062 


32248 


67752 


00938 


68690 


8 




53 


31370 


$9059 


32311 


67689 


00941 


68630 


7 




54 


31430 


99056 


[ 32373 


67627 


00944 


68570 


6 




55 


31490 


99054 


32436 


67564 


00946 


68510 


5 




56 


31549 


99051 


32498 


67502 


00949 


68451 


4 




67 


31009 


^9048 


32561 


67439 


00952 


68391 


3 




58 


31669 


-99046 


32623 


67377 


00954 


68331 


2 




59 


31728 


99043 


32685 


67315 


00957 


68272 


1 




60 


31788 


99040 


32747 


67253 


00960 


68212 1 






Conine. 


Sine. 


Co-tang:. 


Tangent. 


Co-secant 


Secant M. 1 



78 Degrees* 
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Artificial Sines, Tang, and Sec. 12 Degrees. 




M. 


Sine. 
9.31788 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-aecant 


60 





9.99040 


9.32747 


10.67253 


10.00960 


10.68212 


1 


31847 


99038 


32810 


67190 


00962 


68153 


S9 


2 


31907 


99035 


32872 


67128 


00965 


68093 


58 


3 


31966 


99032 


32933 


67067 


00968 


68034 


57 


4 


32025 


99030 


32995 


67005 


00970 


67975 


56 


5 


32084 


99027 


33057 


66943 


00973 


67916 


55 


6 


32143 


99024 


33119 


66881 


00976 


67857 


54 


7 


32202 


99022 


33180 


66820 


00978 


67798 


53 


8 


32261 


99019 


33242 


66758 


00981 


67739, 


52 


9 


32319 


99016 


33303 


66697 


00984 


67681 


51 


10 


9.32378 


9.99013 


9.33365 


10.66635 


10.00987 


10.67622 


50 


11 


32437 


99011 


33466 


66574 


00989 


67563 


49 


12 


32495 


99008 


33487 


^66513 


00992 


67505 


48 


13 


32553 


99005 


33548 


66452 


00995 


67447 


47 


14 


32612 


99002 


33609 


66391 


00998 


67388 


46 


15 


32670 


99000 


33670 


66330 


01000 


67330 


45 


16 


32728 


98997 


33731 


66269 


01003 


67272 


44 


17 


32786 


98994 


33792 


66208 


01006 


67214 


43 


18 


32844 


98991 


33853 


66147 


01009 


67156 


42 


19 


32902 


98989 


33913 


66087 


01011 


67098 


41 


20 


9.32960 


9.98986 


9.33974 


10.66026 


10.01014 


10.67040 


40 


21 


33018 


98983 


34034 


65966 


01017 


66982 


39 


22 


33075 


98980 


34095 


65905 


01020 


66925 


38 


23 


33133 


98978 


34155 


65845 


01022 


66867 


37 


24 


33190 


98975 


34215 


65785 


01025 


66810 


36 


25 


33248 


98972 


34276 


65724 


01028 


66752 


35 


^' 


33305 


98969 


34336 


65664 


01031 


66695 


34 


2r 


33362 


98967 


34396 


65604 


01033 


66638 


33 


28 


33420 


98964 


34456 


65544 


01036 


66580 


32 


29 


33477 


98961 


34516 


65484 


01039 


66523 


31 


30 


9.33534 


9.98958 


9.34576 


10.65424 


10.01042 


10.66466 


30 


31 


33591 


98955 


34635 


65365 


01045 


- 66409 


29 


32 


33647 


98953 


34695 


65305 


01047 


66353 


28 


33 


33704 


98950 


34755 


65245 


01050 


66296 


27 


34 


33761 


98947 


34814 


65186 


01053 


66239 


26 


35 


33818 


98944 


34874 


65126 


01056 


66182 


25 


36 


33874 


98941 


34933 


65067 


01059 


66126 


24 


37 


33931 


98938 


34992 


65008 


01062 


66069 


23 


38 


33987 


98936 


35051 


64949 


01064 


66013 


22 


39 


34043 


98933 


35111 


64889 


01067 


65957 


21 
20 


40 


9.34100 


9.98930 


9.35170 


10.64830 


10.01070 


10.65900 


41 


34156 


98927 


35229 


64771 


01073 


65844 


19 


42 


34212 


98924 


35288 


64712 


01076 


65788 


18 


43 


34268 


98921 


35347 


64653 


^ 01079 


65732 


17 


44 


34324 


98919 


35405 


64595 


01081 


. 65676 


16 


45 


34380 


98916 


35464 


64536 


01084 


65620 


15 


46 


34436 


98913 


35523 


64477 


01087 


65564 


14 


47 


34491 


98910 


35581 


64419 


01090 


65509 


13 


48 


34547 


98907 


35640 


64360 


0|093 


65453 


12 


49 


34602 


989^4 


35698 


64302 


01096 


65398 


11 


50 


9.34658 


9.98901 


9.35757 


10.64243 


10.01099 


10.65342 


10 


51 


34713 


98898 


35815 


64185 


01102 


65287 


9 


52 


34769 


98896 


35873 


64127 


01104 


65231 


8 


53 


34824 


98893 


35931 


64069 


01107 


65176 


7 


54 


34879 


98890 


35989 


64011 


OHIO 


65121 


6 


55 


34934 


98887 


36047 


63953 


01113 


65066 


6 


56 


34989 


98884 


36105 


63895 


01116 


65011 


4 


57 


36044 


98881 


36163 


63837 


01119 


64956 


3 


5d 


35099 


98878 


36221 


63779 


01122 


• 64901 


2 


59 


35154 


98875 


36279 


63721 


01125 


64846 


1 


60 


35209 


98872 


36336 


63664 


01128 


64791 







Co«sioe. 


Bine. 


Co-tang. 


Tangent 


Co-Mcant 


Secai^. 


M. 1 



77Dq^e8« 



■j^BS" 


Artificial Sines, T«n^. 


and Sec. 13 Degrees. 


121 


pt" 


Sine. 


Ca-aine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


,60 


1 


9.35209 


9.98872 


9.36336 


10.63664 


10.01128 


10.64791 


I 


35263 


98869 


36394 


63606 


01131 


64737 


59 


s 


35318 


98867 


36452 


63548 


01133^ 


64682 


58 


3 


35373 


98864 


36509 


63491 


01136 


04627 


57 


4 


35427 


98861 


36566 


«3434 


01139 


64573 


56 


6 


^481 


98858 


36624 


63376 


01142 


64519 


55 


$ 


35536 


98855 


36681 


63319 


QUiS 


64464 


54 


7 


35590^ 


98852 


36738 


63262 


01148 


64410 


53 


8 


35644 


98849 


36795 


63205 


01151 


64356 


52 


9 


35698 


98846 


36852 


63148 


01154 


64302 


51 
50 


10 


9.35752 


^.98843 


9.36909 


10.63091 


10.01157 


10.04248 


11 


35806 


98840 


36966 


63034 


01160 


64194 


49 


IS 


35860 


98837 


37023 


62977 


01163 


64140 


48 


13 


35914 


98834 


37080 


62920 


01166 


64086 


47 


14 


35968 


98831 


37137 


62863 


01169 


64032 


46 


IS 


36022, 


98828 


37193 


62807 


01172 


63978 


45 


16 


36075 


98825 


37250 


62750 


01175 


63925 


44 


17 


36129 


98822 


37306 


62694 


01178 


63871 


43 


18 


36182 


* 96819 


37363 


62637 


01181 


63818 


42 


10 


36236 


98816 


37419 


62581 


01184 


63764 


41 
40 


20 


9.36289 


9.98813 


9.37474 


10.62524 


10.01187 


10.63711 


21 


36342 


98810 


37532 


62468 


01190^ 


63658 


39 


22 


36395i 


98807 


37588 


62412 


0U93 


63605 


38 


23 


S6449' 


96804 


37644 


62356 


01196 


63551 


37 


24 


• 36502 


98801 


37700 


62300 


011991 


63498 


36 


25 


36555 


96798 


37756 


62244 


01202] 


63445 


35 


26 


36608 


96795 


3781»- 


' 62188 


01205. 


63392 


34 


27 


36660 


98792 


37868 


62132 


01208 


63340 


33 


28' 


36713 


96789 


37924 


62076 


01211 , 


63287 


32 


29 


36766 


96786 


37980 


62020 


01214 


63234 


31 
30 


30 


9.36819 


9.98783 


9.38035 


10.61965 


10.01217 


10.63181 


31 


36871 


98780 


38091 


61909 


01220 


63129 


29 


32 


36924 


98777 


38147 


61853' 


01223 


63076 


28 


33 


36976 


98774 


, 38202 


61798 


01226 i 


63024 


27 


1 34 


37028 


98771 


38257, 


61743 


01229 


62972 


26 


35 


37081! 


98768 


38313 


61687 1 


01232 


62919 


25 


36 


37133 


96765 


38368 


61632 


01235 


62867 


24 


37 


37185 


98762 


38423 


61577 


012381 


62815 


23 


38 


37237 


96759 


38479 


61521 


01241^ 


62763 


22 


39 


37289 


96756 


38534 


61466 


01244 


62711 


21 
20 


40 


9.37341 


9.98753 


9.38589 


10.61411 


10.01247 


10.62659 


41 


37393 


,^96750 


38644 


61356 


01250 


62607 


19 


42 


, 37445 


98746 


38699 


61301 


01254 


62555 


18 


43 


37497 


96743 


38754 


61246 


01257 


62503 


17 


44 


37549 


98740 


38808 


61192 


01260 


62451 


16 


45 


37600 


98737 


38863 


61137 


01263 


62400 


15 


46 


37652 


98734 


38918 


61082 


01266 


6^348 


14 


47 


37708 


98731 


38972 


61028 


01269 


62297 


13 


48 


31755 


96728 


39027 


60973 


0127S 


62245 


12 


49 


37806 


98725 


39082 


60918 


01275 


62194 


11 
10 


50 


9.37858 


9.98722 


9.39136 


10.60864 


10.01278 


10.62142 


51 


37909 


98719 


39190 


60810 


01281 


62091 


9 


52 


37960 


98715 


39245 


60755 


01285 


62040 


8 


53 


38011 


98712 


39299 


60701 


01288 


61989 


7 


54 


38062 


98709 


39353 


60647 


01291 


61938 


6 


55 


38113 


98706 


39407 


60593 


01294 


61887 


5 


56 


38164 


98703 


39461 


60539 


01297 


61836 


4 


57 


38215 


98700 


39515 


60485 


01300 


61785 


3 


58 


38266 


98697 


39569 


60431 


01303 


61734 


2 


59 


38317 


98694 


39623 


60377 


01306 


61683 


1 


60 


38368 


98690 


39677 


60323 


01310 


61632 



M. 


1 Co-sine. 1 


Sine. 


Co-tang;. 


Tangent 


Co-«ecant 


Secant. 



25 



76 Degree*. 



122 Artificial Sines, Tai^. and Sec. 14 Degreeik 






"la. 


Sine. 


Co-sine. 
9.98690 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.38368 


9.39677 


10.60323 


10.01310 


10.61632 


60 


1 


38418 


98687 


39731 


•0269 


01313 


61582 


69 


t 


38469 


98684 


39785 


60215 


01316 


61531 


58 


3 


38619 


98681 


39838 


60162 


01319 


61481 


57 


4 


38570 


98678 


39892 


60108 


01322 


61430 


5% 


5 


38620 


98675 


38945 


60056 


01325 


61380 


55 


6 


38670 


98671 


39999 


60001 


01329 


61330 


54 


7 


* 38721 


98668 


40052 


59948 


01332 


61279 


53 


8 


38771 


98665 


40106 


69894 


01335 


61229 


52 n 


9 


38821 


98662 


40159 


69841 


01338 


•1179 


51 1 


10 


9.38871 


9.98659 


9.40212 


10.59788 


10.01341 


10.61129 


50 1 


11 


38921 


98656 


. 40266 


69734 


01344 


61079 


49 


12 


38971 


98652 


40319 


59681 


01348 


61029 


48 


13 


. 39021 


98649 


40372 


59628 


01361 


60979 


47 


14 


39071 


98646 


40425 


69576 


01354 


60929 


46 


16 


39121 


9B643 


40478 


69522 


01357 


•0679 


45 


16 


39170 


98640 


40531 


69469 


01360 


60830 


44 


17 


39220 


98636 


40584 


59416 


01364 


•0780 


43 


18 


39270 


98633 


40636 


69364 


01367 


60730 


42 


19 


39319 


.98630 


40689 


69311 


01370 


60681 


41 


20 


9.39369 


9.98627 


9.40742 


10.59258 


10.61373 


10.60631 


40 


21 


39418 


98623 


40795 


69205 


01377 


60581 


39 


22 


39467 


98620 


40847 


69153 


01380 


60533 


38 


23 


39517 


98617 


40900 


69100 


01383 


60483 


37 


24 


39566 


98614 


40952 


69048 


01386 


60434 


36 


25 


39615 


98610 


41005 


68995 


01390 


60385 


35 


2d 


39664 


98607 


41057 


68943 


01393 


60336 


34 


27 


39713 


98604 


41109 


58891 


01396 


60287 


33 


28 


39762 


98601 


41161 


68839 


01399 


60S38 


32 


29 


39811 


98597 


41214 


68780 


01403 


60189 


31 


30 


9.39860 


9.98594 


9.41266 


10.58734 


10.01406 


10.60140 


30 1 


31 


39909 


98591 


41318 


58682 


01409 


60091 


29 


S2 


39958 


98588 


41370 


68630 


01412 


60042 


28 


33 


40006 


98584 


41422 


58578 


01416 


69994 


27 


34 


40055 


98581 


41474 


68526 


01419 


59945 


S6 


35 


40103 


98578 


41526 


68474 


01422 


69897 


25 


36 


40152 


98574 


41578 


68422 


01426 


69848 


S4 


37 


40200 


98571 


41629 


58371 


01429 


69800 


23 


38 


40249 


98568 


41681 


58319 


01432 


69751 


22 


39 
40 


40297 


98565 


41733 


68267 


01435 


69703 


21 


9.40346 


9.98561 


9.41784 


10.58216 


10.01439 


10.59654 


SO 


41 


40394 


98558 


41836 


68164 


01442 


69606 


19 


42 


40442 


98555 


41887 


58113 


01445 


69558 


18 


43 


40490 


98551 


41939 


68061 


01449 


69510 


17 


44 


40538 


98548 


41990 


68010 


01452 


69462 


16 


45 


40586 


98545 


42041 


67959 


01455 


69414 


15 


46 


40634 


98541 


42093 


67907 


01459 


69366 


14 


47 


40682 


98538 


42144 


67856 


01462 


59318 


13 


48 


40730 


98535 


42195 


67805 


01465 


59270 


12 


49 


40778 


98531 


42246 


67754 


01469 


69222 


11 


50 


9.40825 


9.98528 


9.42297 


10.57703 


10.01472 


10.69175 


10 


51 


40873 


98525 


42348 


67652 


01475 


59127 


9 


52 


40921 


98521 


42399 


67601 


01479 


59079 


8 


53 


40968 


98518 


42450 


67550 


01482 


69032 


7 


54 


41016 


98515 


42501 


57499 


01485 


68984 


6 


55 


41063 


98511 


42552 


57448 


01489 


68937 


5 


56 


41111 


98508 


42603 


57397 


01492 


68889 


4 


57 


41158 


98505 


42653 


67347 


01495 


68842 


3 


58 


41205 


98501 


42704 


57296 


01499 


68795 


2 


59 


41252 


98498 


42755 


57245 


01502 


58748 


1 


60 


41300 


98494 


42805 


57195 


01506 


68700 







Oo-fllne. 


Sine. 


Co-tanfT. 


Tangent. 


Co^s^cant 


Secant. 


M. 



75 Degrees. 



Artificial Sines, Tang, and Sec. 15 Degrees. 123 





M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang^. 


Secant. 
10.01506 


Co-secant 


^ 







9.41300 


9.98494^ 


9.42806 


10.57195 


10.58700 


60 




1 


41847 


98491 


42856 


67144 


01509 


68653 


59 




2 


41394 


98488 


42906 


67094 


01512 


68606 


58 




3 


41441 


98484 


42957 


67043 


0151« 


68569 


57 




4 


41488 


98481 


43007 


66993 


01614) 


58612 


56 




5 


41536 


98477 


43057 


56943 


01523 


68465 


65 




6 


41582 


98474 


43108 


66892 


01526 


58418 


64 




7 


41628 


98471 


43168 


66842 


01629 


68372 


53 




8 


41675 


98467 


43298 


66792 


01533 


68325 


62 




9 


41722 


98464 


43258 


66742 


01536 


68278 


51 




10 


9.41768 


9.98460 


9.43308 


10.66692 


10.01540 


10.58232 


50 




11 


41816 


98457 


43358 


66642 


01543 


68186 


49 




12 


41861 


98453 


43408 


66592 


01547 


58139 


48 




13 


41908 


98450 


43458 


66542 


01650 


58092 


47 




14 


41954 


98447 


43608 


66492 


01553 


68046 


46 




15 


42001 


98443 


43568 


66442 


01657 


57999 


45 




16 


42047 


98440 


'43607 


66393 


01560 


67953 


44 




17 


42093 


98436 


43657 


66343 


01664^ 


57907 


43 




18 


42140 


98433 


43707 


66293 


01667 


67860 


42 




19 


42186 


98429 


43756 


66244 


01671 


67814 


41 
40 




SO 


9.42232 


9.98426 


9.43806 


10.56194 


10701574 


10.57768 




21 


42278 


98422 


43865 


66146 


01578 


67722 


39 




22 


42324 


98419 


43905 


66096 


01581 


57676 


38 




23 


42370 


98415 


43954 


66046 


01685 


67630 


37 




24 


42416 


98412 


44004 


55996 


01688 


67684 


36 




25 


42461 


98409 


44053 


65947 


01591 


67639 


35 




26 


42507 


98405 


44102 


65898 


01596 


67493 


34 




27 


42558 


98402 


44161 


66849 


01698 


67447 


:« 




28 


42599. 
42644 


98398 


44201 


66799 


01602 


67401 


32 


29 


98395 


44250 


56760 


01606 


67356 


31 
30 


30 


9.42690 


9.98391 


9.44299 


10-65701 


10.01609 


10.57310 




31 


42735 


98388 


44348 


66662 


01«12 


67265 


n 




32 


42781 


98384 


44397 


66603 


01616 


57219 


28 




33 


42826 


98381 


44446 


66654 


01619 ^ 


67174 


27 




34 


42872 


98377 


44495 


66605 


01623 


67128 


26 




35 


42917 


98373 


44544 


65456 


01627 


67083 


25 




36 


42962 


98370 


44692 


55408 


01630 


57038 


24 




37 


43008 


98366 


44641 


65369 


01634 


66992 


23 




38 


43053 


98363 


44690 


65310 


01637 


56947 


22 




39 


43098 


96359 


44738 


55262 


01«41 


66902 


21 




40 


9.43143 


9.98356 


9.44787 


10.65213 


10.01644 


10.56857 


20 




41 


43188 


98352 


44836 


65164 


01648 


66812 


19 




42 


• 43233 


98349 


44884 


65116 


01651 


66767 


18 




43 


43278 


98346 


44933 


65067 


01655 


66722- 


17 




44 


43323 


98342 


44981 


65019 


01658 


56677 


16 




45 


43367 


98338 


46029 


64971 


01662 


66633 


15 




46 


43412 


98334 


46078 


64922 


01666 


66588 


14 




47 


43457 


98331 


46126 


54874 


01669 


66543 


13 




48 


43502 


98327 


46174 


64826 


01673 


56498 


12 




49 
50 


43546 


98324 


45222 


64778 


01676 


66454 


11 




9.43591 


9.98320 


9.46271 


10.64729 


10.01680 


10.56409 


10 




51 


43635 


98317 


45319 


54681 


01683 


66365 


9 




52 


43680 


98313 


46367 


64633 


01687 


66320 


8 




53 


43724 


98309 


45415 


64685 


01691 


66276 


7 




54 


43769 


98306 


46463 


64637 


01694 


66231 


6 




65 


43813 


98302 


46611 


64489 


01698 


66187 


6 




56 


43857 


98299 


46559 


64441 


01701 


66143 


4 




57 


43901 


98295 


46606 


54394 


01706 


66099 


3 




58 


43946 


98291 


46664 


64346 


01709 


66054 


2 




59 


43990 


98288 


46702 


64298 


01712 


66010 


1 




60 


44034 


98284 


46760 


64260 


01716 


66966 




M. 




Co-sine. 


Sine. 


Co-tan^. 


Tangent. 


Co-secant 


Secant. 



74 Degrees 



124 Artificial Sines, Tang, and Sec. 16 Degrees. 



M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.44034 


9.98284 


9.45750 


10.54250 


10.01716 


10.55966 
55922 


60 


1 


44078 


98281 


45797 


54203 


01719 


.59 


2 


44122 


98277 


45845 


54155 


01723 


65878 


58 


3 


4416e 


98273 


45892 


64108 


01727 


55834 


57 


4 


44210 


98270 


45940 


64060 


01730 


65790 


56 


6 


44253 


98266 


45987 


64013 


01734 


65747 


S& 


6 


44297 


98262 


46035 


53966 


01738 


55703 


54 


7 


44341 


98259 


46082 


53918 


01741 


^ 65659 


53 1 


8 


44385 


98255 


46130 


53870 


01745 


55616 


52 1 


9 


44428 


98251 


46177 


53823 


01749 


55572 


"1 


10 


9.44472 


9.98248 


9.46224 


10.53776 


10.01752 


10.55528 50 | 


11 


44516 


98244 


46271 


53729 


01756 


65484 49 | 


12 


44559 


98240 


46319 


53681 


01760 


65441 


48 


13 


4460e 


98237 


46366 


53634 


01763 


65398 


47 


14 


44646 


98238 


46413 


63587 


0176T 


65354 


46 


15 


44689 


98229 


4646a 


53540 


01771 


65311 


45 


Id 


44733 


98226 


46507 


53493 


01774 


65267 


44 


17 


44776 


98222 


46554 


53446 


01778 


65224 


43 


18 


44819 


98218 


46601 


53399 


01782 


55181 


42 


19 


44862 


98215 


46648 


53352 


01785 


55138 


41 


20 


9.44905 


9.98211 


9.46694 


10.53306 


10.0X789 


10.55095 


40 


21 


44948 


98207 


46741 


53259 


01793 


55052 


39 


22 


44992 


98204 


46788 


53212 


01796 


55006 


38 


23 


45035 


98200 


46835 


53165 


01800 


64965 


37 


24 


45077 


98196 


46881 


53119 


01^4 


64923 


36 


25 


45120 


98192 


46928 


53072 


01808 


64880 


35 


20 


45163 


98189 


46975 


63026 


01811 


64837 


34 


27 


45206 


98185 


47021 


52979 


01816 


64794 


33 


28 


45249 


98181 


47068 


52932 


01819 


54751 


32 


29 


45292 


98177 


47114 


52886 


01823 


54708 


31 


30 


9.45334 


9.98174 


9.47160 


10.52840 


10.01826 


10.64666 


30 


31 


45377 


98170 


47207 


52793 


01830 


54623 


29 


32 


45419 


98166 


47253 


62747 


01834 


64581 


28 


JW 


45462 


98162 


47299 


52701 


01838 


64538 


27 


94 


45504 


98159 


47346 


52654 


01841 


54496 


26 


a*; 


45547 


98155 


47392 


52608 


01846 


64453 


25 


36 


45589 


98151 


47438 


52562 


01849 


64411 


S4 


37 


45632 


98147 


47484 


52516 


01853 


64368 


23 


38 


45674 


98144 


' 47530 


52470 


01856 


54326 


22 


39 


45716 


98140 


47576 


52424 


01860 


64284 


21 


40 


9.45758 


9.98136 


9.47622 


10.52378 


10.01864 


10.54242 


20 


41 


45801 


98132 


47668 


52332 


01868 


64199 


19 


42 


45843 


98129 


47714 


52286 


01871 


64157 


18 


4^ 


45885 


98125 


47760 


52240 


01875 


64115 


17 


44 


45927 


98121 


; 47806 


52194 


01879 


64073 


16 


45 


45969 


98117 


47852 


52148 


01883 


54031 


15 


48 


46011 


98113 


47897 


52103 


01887 


.53989 


14 


47 


46053 


98110 


47943 


52057 


01890 


53947 


13 


48 


46095 


98106 


47989 


52011 


01894 


63905 


12 


49 
50 


46136 


98102 


48035 


51965 


01898 


63864 


11 


9.46178 


9.98098 


9.48080 


10.51920 


10.01902 


10.53822 


10 


61 


46220 


98094 


48126 


61874 


01906 


53780 


9 


52 


46262 


98090 


48171 


51829 


01910 


63738 


8 


53 


46303 


98087 


48217 


61783 


01913 


53697 


7 


54 


46345 


98083 


48262 


61738 


01917 


53655 


6 


55 


46386 


98079 


48307 


61693 


01921 


63614 


5 


56 


46428 


98075 


48353 


51647 


01925 


63572 


4 


57 


46469 


98071 


48398 


61602 


01929 


63531 


3 


58 


46511 


98067 


48443 


61657 


01933 


63489 


2 


59 


46552 


98063 


48489 


51511 


01937 


63448 


1 


60 


46594 


98060 


48534 


61466 


01940 


53406 







Ca>sine. 


Sine. 


Co-tang. 


Tangent. 


Co-aecant 


Secant. 


M. 
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Artificial Sines, Tang, and Sec. 17 Degrees. 125 



M. 


Sine. 


Co-sine. 


I'angeut. 


Co-tang. 


Secant. 


Co-secant 


ll 





9.46594 


9. 98060 i 


9.48534 


10.51466 


10.01940 


10.53406 60 II 


1 


46635 


98056 


48579 


51421 


01944 


53365 


59 


2 


46676 


98052 


48624 


51376 


01948 


53324 


58 


3 


46717 


98048, 


48669 


51331 


01952 


53283 


57 


4 


46758 i 


98044- 


48714 


51286 


01956 


53242 


56 


5 


46800 


98040 


48759 


51241 


01960 


53200 


55 


6 


%S841 


98036 


48804 


51196 


01964 


53159 


54 


7 


46882; 


98032 


48849 


51151 


01568 


53118 


53 


8 


46923 


98029 


48854 


51106 


01971 


53077 


52 


9 
10 


46964 


98025 


48939 


51061 


01975 


53036 


51 
50 


9.47005 


9.98021 


9.48984 


10.5101-6 


10.01979 


10.52595 


11 


47045 


98017 


49029 


50971 


01583 


52955 


45 


12 


47086 


98013 


49073 


50927 


01587 


52914 


48 


13 


47127 i 


98009 


49118 


50882 


01991 


52873 


47 


14 


47168 1 


88005 


49163 


50837 


01595 


52832 


46 


15 


47209 


98001 


49207 


50793 


01999 


52791 


45 


16 


47349 


97997 


49252 


50748 


02003 


52751 


44 


17 


47290 


97.993 


49296 


50704 


02007 


52710 


43 


18 


47330 


97^89 


49341 


50659 


02011 


52670 


42 


19 


47371 


97P86 


49385 


50615 


02014 


52629 


41 


20 


9.47411 


9.97982 


9.49430 


10.50570 


10.02018 


10.52589 


40 


21 


47452 


97978 


49474 


50526 


02022 


52548 


39 


22 


47492 


91914 


49519 


50481 


02026 


52508 


38 


23 


47533 


57570 


49563 


50437 


02030 


53467 


37 


24. 


47573 


57966 


49607 


50393 


02034 


58427 


36 


25 


47613 


97962 


49652 


50348 


02038 


52387 


35 


26 


476541 


97958: 


49696 


50304 


O2042 


52346 


34 


27 


47694 


97954 


49740 


50260 


02046 


62306 


33 


28 


47734 


97950^ 


49784 


50216 


02050 


rumttto 


32 


29 


47774 


97946 


49828 


60172 


02054 


6ISISS6 


31 


30 


9.47814' 


9.97942 


5.49872 


10.50128 


10.02058 


10.52186 


m 


31 


47854 


87938 


49916 


50084 


02062 


62146 


25 


32 


47894 


57934^ 


45960 


50040 


02066 


52106 


28 


33 


47934 


97530] 


50004 


49596 


02070 


52066 


27 


34 


479741 


97926 


50048 


49952 


02074 


52026 


26 


35 


48014 


57522 


50092 


49508 


02078 


51586 


25 


36 


48054 


57518 


50136 


49864 


02082 


51546 


34 


37 


48094 


97514 


50180 


49820 


02086 


51906 


23 


38 


48133 


57510 


50223 


49777 


02090 


51567 


22 


39 


48173 


97906 


50267 


49733 


02094 


51827 


21 


40 


^.48213] 


9.97902 


9.50311 


10.49689 


10.02098 


10.51787 


20 


41 


48252 


97898 


50355 


49645 


02102 


51748 


15 


42 


48292 


97^4 


50398 


49602 


02106 


51708 


18 


43 


48332 


97590 


^60442 


49558 


02110 


51668 


17 


44 


48371 


97586 


50485 


49515 


02114 


51^29 


16 


9. 


48411 


97582 


50$29 


49471 


02118 


51589 


15 


46 


48450 


97578 


50572 


49428. 


02122 


51550 


14 


47 


48490 


97574 


50616 


49384 


02126 


51510 


13 


48 


48529 


97570 


.50659 


49341 


021^ 


51471 


12 


49 


48568 


97566 


50703 


49297 


02134 


51432 


11 
10 


50 


9^48607 


9.97861 


5.50746 


10.49254 


10.02139 


10.51393 


51 


48647 


97857 


50789 


49211 


02143 


51353 


5 


52 


48686 


97853 


50833 


49167 


02147 


51314 


8 


53 


48725 


97849 


50876 


49124 


02161 


61275 


7 


54 


48764 


57845 


50919 


49081 


02155 


61236 


6 


55 


48803 


57841 


50962 


49038 


02159 


61197 


5 


56 


v^8842 


57837 


51005 


48995 


02163 


61158 


4 


57 


48881 


57833 


51048 


48952 


02167 


51119 


3 


58 


48920 


97829 


51092 


48908 


02171 


51080 


2 


59 


48959 


57825 


51135 


48665 


02175 


51041 


1 


60 


48998 


97821 


51178 


48822 


02179 


51002 







Co-sine. 


Sine. 


Co-tang^. 


Tangent. 


Co-secant 


Secant. M. || 




29* 
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126 


Artificial Sine?, Tang 

* 


. and Sec. 18 Degrees. 






M. 



Sine. 


Co-fine. 


Tangent. 


Co-tangf. 


Secant. 


Co-secaut 


60 




0.48998 


0.07821 


0.51178 


10.48822 


10.03179 


10.51002 




1 


49037 


07817 


S1221 


48779 


02183 


50963 


59 




t 


49076 


07812 


51264 


48736 


02188 


60924 


58 




a 


49115 


07808 


51306 


48694 


02192 


50885 


57 




> 4 


49153 


07804 


51340 


48651 


02196 


60847 


56 




& 


40192 


07800 


51392 


48608 


02200 


6l|g08 
5ir69 


55 




•^ 


49231 


07796 


61435 


48565 


02204 


54 




7 


49269 


07792 


61478 


48522 


02208 


60731 


53 




a 


40308 


07788 


51520 


48480 


02212 


50692 


52 




9 


49347 


07784 


51563 


48437 


02216 


60653 


51 
50 




10 


0.40385 


0.97770 


0.51606' 


10.48394 


10.02221 


10.50615 




11 


49424 


97775 


51648. 


48352 


02225 


60576 


49 




13 


49462 


07771 


51691 


48300 


02229 


60538 


48 




13 


49500 


07767 


51734 


48266 


02233 


60600 


47 




14 


40530- 


07763 


51776 


40224 


02237 


50461 


46 




15 


40577 


07759 


61819 


48181 


02241 


50423 


45 




16 


4061& 


07754 


51861 


48139 


02246 


60385 


44 




IT 


49654 


07750 


51903 


48097 


02250 


60346 


43 




18 


49692 


07746 


51946 


48654 


02254 


60308 


42 


1 


19 


49730 


07742 


51988 


48012 


02258 


60270 


41 
40 




20 


9^9768 


0.97738 


9.52031 


10.47969 


10*02262 


10.50232 




21 


49806 


97734 


52073 


47927 


02266 


60194 


39 




28 


40644 


97729 


52115 


47885 


02271 


60156 


38 




23 


49882 


97725 


52157 


47843 


02275 


60118 


37 




24 


49920 


07721 


52200 


47800 


02279 


60080 


36 


' 


25 


40958 


97717 


52242 


47758 


02283 


50042 


35 




36 


49996 


07713 


52284 


47716 


.02287 


60004 


34 


: 


27 


50034 


07708 


52326 


47674 


02292 


49966 


.'^ 




28 


50072 


07704 


52368 


47632 


02296 


49928 


39 


I 


29 


50116 

L 


97700 


52410 


47590 


02300 


49890 


31 
30 


1 


30 


0.50148 


9.97696 


0.52452 


10.47548 


10.02304 


10-49852 


I 


31 


50185 


97691 


52494 


47506 


02309 


49815 


529 


1 


32 


50223 


07687 


52536 


47464 


02313 


40777 


28 




:« 


50261 


07683 


62578 


47422 


02317 


49739 


27 




34 


50298 


07679 


62620 


4r7380 


02321 


49702 


26 




35 


50336 


07674 


62661 


47339 


02326 


49664 


25 




36 


50374 


07670 


62703 


47297 


02330 


49626 


24 




37 


50411 


07666 


62745 


47255 


02334 


49589 


23 




38 


50449 


07662 


62787 


47213 


02338 


49551 


22 




39 


50486 


07657 


52829 


47171 


02343 


49514 


21 
k-O 


: 


40 


9.50523 


0.97653 


9.52870 


10.47130 


10.G234T 


10.49477 




41 


50561 


97649 


62912 


47088 


02351 


49439 


19 


1 


42 


50598 


97645 


62953 


47047 


02355 


49402 


18 




43 


60635 


07640 


52996 


47005 


02360 


49365 


17 




44' 


50673 


97636 


63037 


46963 


02364 


49327 


16 




45 


50710 


97632 


63078 


46922 


02368 


49290 


15 




46 


50747 


97828 


63120 


46880 


02372 


40253 


14 


t 


47 


50784 


97623 


63161 


46839 


0237T 


49216 


13 




48 


50821 


97619 


53202 


46798 


02381 


40179 


12 




49 


50858 


97615 


53244 


46756 


02385 


49142 
10.49104 


11 
10 




.50 


9.50896 


9.97610 


9.53285 


10.46715 


10-02390 




51 


50933 


97606 


63327 


46673 


02394 


49067 


9 




52 


50970 


97602 


63368 


46632 


02398 


49030 


8 




53 


5100T 


97597 


59409 


46591 


02403 


48993 


7 


: 


54 


51043 


97593 


63450 


46550 


02407 


48957 


6 




55 


51080 


97589 


63492 


46508 


02411 


48920 


6 




56 


51117 


97584 


63533 


46467 


02416 


48883 


4 




57 


5T154 


97580 


63574 


46426 


02420 


48846 


3 




58 


51191 


07676 


636 lis 


46385 


02424 


48809 1 2 




59 


51227 


07571 


63656 


46344 


02429 


4877t? 1 1 




60 


61264 


97567 


63697 


46303 


02433 


48736 j 




M. 






Co-sine. 


Sine. 


Co-tans:. 


Tang:ent. 


Co-secant 


Secant. 1 





71 Degrees* 







Artificial Sines, Tang. 


and'Sfec 19 Degrees. 


121 




M. 


Sine. 


Go-«ine. 


Tangent. 


Co-tan§. 


Secant. 


Co-iecant 


60 







9.51264 


9.97567 


9.5369? 


10.46303 


10.02433 


10.48736 




1 


51301 


97563 


53738 


46262 


02437 


48699 


59 




2 


51338 


97558 


53779 


46221 


02442 


48662 


58 




3 


51374 


97554 


53820 


46180 


02446 


48626 


57 




4 


51411 


97550* 


53861 


46139 


02450 


48589 


56 




5 


.51447 


97545, 


.53902 


46098^ 


02455 


48553 


55 




€ 


51484 


97541 


S3943 


46057 


02459 


48516 


54 




7 


51520 


97536^ 


53984 


46016 


02464 


48480 


53 




8 


51557 


97532 


54025 


45975^ 


02468 


48443 


52 




9 


51593 


97528 


54065 


45935^ 


02472 


48407 


51 
50 




10 


9.51629 


9.97523 


9.54106 


10.45894 


10.02477 


10.48371 




11 


51666 


97519 


54147 


45853 


02481 


48334 


49 




12 


51702 


97515 


54187 


45813 


02485 


48298 


48 




13 


51738 


97510 


54228 


4577? 


02490 


48262 


47 




14 


51774 


97506 


54269 


45731 


02494 


48226 


46 




15 


51811 


97501 


54309 


45691] 


02499 


48189 


45 




IS 


51847^ 


97497 


54350' 


45650^ 


02903 


48153 


44 




17 


51883^ 


97492 


54390 


456K> 


02508 


48117 


43 




14 


51919 


97488 


.54431 


45569 


02512 


48081 


42 




19 


51955 


97484 


54471 


45529 


02516 


48045 


41 
40 




20 


9.51991 


9.97479 


9.54512 


10.45488 


10.02521 


10.48009 




21 


52027 


97475 ^ 


54552 


45448 


* 02525 


47973 


39 




22 


52063 


97470 


54593 


45407 


02530 


47937 


38 




23 


62099 


97466 


54633 


45367 


02534 


47901 


37 




24 


5213% 


97461 


64673 


45327 


02539 


47865 


36 




25 


52171 


97457 


54714 


45286 


02543 


47829 


35 




26 


52207 


97453 


54754 


45246 


02547 


47793 


34 




27 


52242 


97448 


54794 


45206 


02552 


47758 


33 




28 


52278 


97444 


54835 


45165 


. 02556 


47722 


32 




29 


52314 


97439 


54875 


45125 


02561 


47686 


31 




90 


9.52350 


9.97435 


9.54915 


10.45085 


10.02565 


10.47650 


30 




31 


52385 


97430 


54955 


45045 


02570 


47615 


29 




32 


52421 


97426 


54995 


45005 


02574 


475T9 


28 




33 


52456 


97421 


55035 


44965 


02579 


47544 


27 




34 


52492 


97417 


55075 


44925 


02583 


47508 


26 




35 


52527 


97412 


65115 


44885 


02588 


47473 


25 




36 


62563 


97408 


55155 


44845 


02592 


47437 


24 




37 


52596 


97403 


55195 


448(» 


02597 


47402 


23 




38 


52634 


97399 


55235 


44765 


02601 


47366 


22 




39 
40 


52069 


97394 


55275 


44725 


02606 


47331 


21 




9.52705 


9.97390 


9.55315 


10.44685 


10.02610 


10.47295 


20 




41 


52740 


97385 


55355 


44645 


02615 


47260 


19 




42 


62775 


97381 


55395 


44605 


02619 


47225 


18 




43 


52811 


97376 


55434 


44566 


02624 


47189 


17 




44 


62846 


97372 


65474 


44526 


02628 


47154 


16 




45 


52881 


97367 


55514 


44486 


02633 


47119 


15 




46 


62916 


. 97363 


65554 


44446 


02637 


47084 


14 




47 


62951 


97358 


55593 


44407 


02642 


47049 


13 




48 


62986 


97353 


55633 


44367 


02647 


47014 


12 




49 


63021 


97349 


55673 


44327 


02651 


^979 


11 




50 


9.53056 


9.97344 


9.55712 


10.44288 


10.02656 


10.46944 


10 




51 


53092 


97340 


55752 


44248 


02660 


46908 


9 




52 


63126 


97335 


55791 


44209 


02665 


46874 


8 




53 


53161 


97331 


65831 


44169 


02669 


46839 


7 




54 


63196 


97326 


65870 


44130 


02674 


46804 


6 




55 


63231 


97322 


55910 


44090 


02678 


46769 


5 




56 


63266 


97317 


55949 


44051 


02683 


46734 


4 




57 


53901 


97312 


65989 


44011 


02688 


46699 


3 




58 


53336 


97308 


56028 


43972 


02692 


46664 


2 




59 


63370 


97303 


56067 


43933 


02697 


46630 


1 




60 


53405 


97299 


56107 


43893 


02701 


46595 





1 


1 


Co-sine. 


Sine. 


Co-tanj>;>. \ 


Tan^nt. 


C<HBecant 


Secant. 


M. 



70 D^rees. 



I 

128 Artificial Sines/Tang. and Sec. 20 Degrees. 



M. 


Sine. 


Co-aine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 









9.53405 


9.97299 


9.56107 


10.43893 


10.02701 


10.46595 


60 




1 


53440 


97294 


56146 


43854 


02706 


46560 


59 




2 


53475 


97289 


66185 


43815 


02711 


46525 


68 




S 


53509 


97285 


56224 


43776 


02715 


46491 


67 n 


4 


53544 


97280 


66264 


43736 


02720 


46456 


66 1 


5 


53578 


97276 


56303 


43697 


02724 


46422 


55 1 


6 


53613 


97271 


66342 


43658 


02729 


46387 


54 1 


7 


53647 


97266 


66381 


43619 


02734 


46353 


53 1 


8 


53682 


97262 


56420 


43580 


02738 


463ia 


62 11 


9 


63716 


97257 


56459 


43541 


02743 


46284 


51 




10 


9.53751 


9.97252 


9.56498 


10.43502 


10.02X18 


10.46249 


60 


11 


53785 


97248 


66537 


43463 


02752 


46216 


49 


12 


53819 


[ 97243 


66576 


43424 


02757 


46181 


48 


13 


53854 


97238 


5661& 


43385- 


0276^ 


46146 


47 


14 


' 53888 


97234 


56654 


43346 


02766 


46112^ 


46 


16 


53922 


97229 


66693 


43307 


02771 


46078 


46 


16 


53957 


97224 


66732 


43268 


02776 


46043 


44 


17 


53991 


97220 


66771 


43229 


02780 


46009 


43 


18 


54025 


97215 


56810 


43190 


02785 


45975 


42 


19 


54059 


97210 


56849 


43151 


02790 


45941 


41 


20 


9.54003 


9.97206 


9.56887 


10.43113 


10.02794 


10.45907 


40 


21 


54127 


97201 


66926 


43074 


02799 


45873 


39 


22 


54161 


97196 


66966 


43035 


02804 


45839 


38 


23 


54195 


97192 


67004 


42996 


02808 


45805 


37 


24 


64229 


97187 


57042 


42958 


02813 


45771 


36 


25 


64263 


97182 


57081 


42919 


0281» 


45737 


35 


26 


64297 


97178 


67120 


42880 


02822 


45703 


34 


27 


64331 


97173 


67158 


42842 


02827 


45669 


33 


28 


64366 


97168 


67197 


42803 


02832 


45635 


32 


29 


64399 


97163 


♦ 67235 


42765 


02837 


45601 


31 


U 


30 


9.54433 


9.97159 


9.57274 


10.42726 


10.02841 


10.45667 


30 


H 


31 


64466 


97154 


67312 


42688 


02846 


45534 


29 


32 


64500 


97149 


57351 


42649 


02851 


4550O 


28 


33 


64534 


97145 


57389 


42611 


02855 


45466 


«7 


34 


64567 


97140 


57428 


42572 


02860 


45433 


26 


35 


64601 


97135 


57466 


42534 


02865 


45399 


2f 


36 


64636 


97130 


67504 


42496 


0287O 


45366 


S4 


37 


64668 


97126 


67543 


. 42467 


02874 


45332 


23 


38 


54702 


97121 


67581 


42419 


02879 


45298 


22 


JW 


54735 


97116 


57619 


, 42381 


02884 


45265 


21 


1 


40 


9.54769 


9.97111 


9.67658 


10.42342 


10.02889 


10.45231 


20 


41 


64802 


97107 


67696 


42304 


02893 


45198 


19 


42 


54836 


97102 


67734 


42266 


02898 


45164 


18 


43 


64869 


97097 


57772 


42228 


02903 


45131 


17 


44 


64903 


97092 


67810 


42190 


02908 


45097 


16 


45 


54936 


97087 


57849 


42151 


02913 


45064 


15 


46 


64969 


97083 


67887 


42113 


02917 


45031 


14 


47 


55003 


97078 


67926 


42075 


02922 


44997 


13 


48 


65036 


97073 


67963 


42037 


02927 


44964 


12 


49 


55069 


97068 


68001 


41999 


02932 


44931 


11 




50 


9.55102 


9.97063 


9.58039 


10.41961 


10.02937 


10.44898 


10 


51 


55136 


97059 


68077 


41923 


02941 


44864 


9 


52 


65169 


97054 


58115 


41885 


02946 


44831 


8 


53 


65202 


97049 


68153 


41847 


02951 


44798 


7 


54 


55235 


97044 


68191 


41809 


02956 


44766 


6 


55 


65268 


97089 


68229 


41771 


02961 


44732 


5 


56 


66301 


97035 


68267 


41733 


02965 


44699 


4 


57 


65334 


97030 


68304 


41696 


02970 


44666 


3 


58 


55367 


97025 


68342 


41658 


02975 


44633 


2 


59 


65400 


97020 


68380 


41620 


02980 


44600 


1 


60 


55433 


97015 


58418 


41582 


02985 


44567 





1 


|. 


Co-sine. 


Sine. 


Co-tang^. 


Tani^ent 


Co-secant 


Secant M. 



69 Degree* • 



i 

i 

i' 








Artificial Sines, Tang 


. and Sec.!21 Degrees. 

•• 


12! 


M. 


Sine. 


Co-sine.. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 


60 





9.55433 


9.97015 


9.58418 


10.41582 


10.02985 


10.44567 


1 


55466 


97010 


68455 


41546 


02990 


44534 


59 


2 


55499 


97005. 


68493 


41607 


02995 


44601 


68 


3 


55532 


97001 


68531 


41469 


02999 


44468 


67. 


4 


55564 


96996 


68569 


41431 


03004 


44436 


56 


5 


55597 


96991 


68606 


41394 


03009 


44403 


55 


6 


55630 


96986 


68644 


41356 


03014 


44370 


54 


7 


55663 


96981 


68681 


41319 


08019 


44337 


53 


8 


55695 


96976 


68719 


41281 


08024 


44305 


62 


9 


55728 


96971 


58757 


41243 


03029 


44272 


51 


10 


9.55761 


9.96966 


9.58794 


10.41206 


10.03034 


10.44239 


50 


11 


55793 


96962 


68832 


41168 


03038 


44207 


49 


12 


55826 


96957 


68869 


41131 


03043 


44174 


48 


13 


55858 


96962 


68907 


41093 


03048 


44142 


47 


14 


55891 


96947 


58944 


41056 


03053 


44109 


46 


15 


55923 


96942 


58981 


41019 


03058 


44077 


45 


16 


55956 


96937 


69019 


40981 


08063 


44044 


44 


17 


55988 


96932 


69066 


40944 


03068 


44012 


43 


18 


56021 


96927 


69094 


40906 


03073 


43979 


42 


19 
20 


56053 


96922 


59131 


40869 


03078 


43947 


41 
40 


9.56085 


9.96917 


9.59168 


10.40832 


10.03083 


10.43915 


21 


56118 


96912 


59205 


40795 


03088 


43882 


39 


22 


66150 


96907 


69243 


40767 


03093 


43850 


38 


23 


56182 


96903 


69280 


40720 


03097 


43818 


37 


24 


66216 


96898 


69317 


40683 


03102 


43785 


36 


25 


66247 


96893 


69354 


40646 


03107 


43753 


a5 


26 


66279 


96888 


59391 


40609 


03112 


43721 


34 


27 


66311 


96883 


69429 


40571 


03117 


43689 


33 


28 


66343 


96878 


69466 


40534 


03122 


43657 


32 


29 


66376 


96873 


59503 


40497 


03127 


43625 


31 
30 


30 


9.56408 


9.96868 


9.59540 


10.40460 


10.03132 


10.43592 


31 


66440 


96863 


69577 


40423 


03137 


43560 


29 


32 


66472 


96858 


69614 


40386 


03142 


43528 


28 


33 


66504 


96863 


69651 


40349 


03147 


43496 


27 


34 


66536 


96848 


59688 


40312 


03162 


43464 


26 


a*; 


66568 


96843 


69725 


40276 


03167 


43432 


25 


36 


66599 


96838 


69762 


40238 


03162 


43401 


24 


37 


56631 


96833 


59799 


40901 


03167 


43369 


23 


38 


66663 


96828 


69835 


40166 


03172 


43337 


22 


39 


56695 


96823 


59872 


40128 


08177 


43305 


21 
20 


40 


9.56727 


9.96818 


9.^9909 


10.40091 


10.03182 


10.43273 


41 


66769 


96813 


59946 


40054 


03187 


43241 


19 


42 


56790 


96808 


69983 


40017 


03192 


43210 


18 


43 


66822 


96803 


60019 


39981 


08197 


43178 


17 


44 


66854 


96798 
96m 


60056 


39944 


03202 


43146 


16 


45 


66886 


60093 


39907 


03207 


43114 


15 


46 


66917 


96788 


60130 


39870 


03212 


43083 


14 


47 


66949 


96783 


60166 


39834 


08217 


43051 


13 


48 


66980 


96778 


60203 


39797 


03222 


43020 


12 


49 


67012 


96772 


60240 


39760 


03228 


42988 


11 
10 


60 


9.57044 


9.96767 


9.60276 


10.39724 


10 03233 


10.42956 


51 


57075 


96762 


60313 


39687 


03238 


42925 


9 


52 


67107 


96767 


60349 


39651 


03243 


42893 


8 


53 


67138 


96752 


60386 


39614 


03248 


42862 


7 


54 


67169 


96747 


60422 


39578 


03253 


42831 


6 


55 


57201 


96742 


60459 


.39541 


03258 


42799 


5 


56 


67232 


96737 


60495 


39506 


03263 


42768 


4 


57 


67264 


96732 


60532 


39468 


08268 


42736 


3 


58 


57295 


96727 


60568 


39432 


03273 


42705 


2 


59 


67326 


96722 


60605 


39396 


08278 


42674 


1 


60 


67358 


96717 


60641 


39359 


03283 


43642 







Co-sine. 


Sine. 


Co- tang;. 


Tangent. 


Co-secant 


Secant. 



R 



68 Degrees. 



• . - 



13f^ Artificial Sines, Tang, and Sec. 22 Degrees. 



m7 


Sine. 
9.57358 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 




9.96717 


9.60641 


10.39359 


10.03283 


10.42642 


60 


1 


57389 


96711 


60677 


39323 


03289 


42611 


59 


2 


57420 


96706 


60714 


39286 


03294 


42580 


58 


3 


57451 


96701 


60750 


39250 


03299 


42549 


57 


4 


67482 


90696 


60786 


39214 


03304 


42518 


56 


5 


57514 


96691 


60823 


39177 


03309 


42486 


55 


6 


67545 


96686 


60859 


39141 


03314 


42455 


54 


7 


57576 


96681 


60895 


39105 


03319 


42424 


53 


8 


57607 


96676 


60931 


39069 


03324 


42393 


52 


9 


57638 


96670 


60967 


39033 


03330 


42362 


51 

50 


10 


9.57669 


9.96665 


9.61004 


10.38996 


10.03335 


10.42331 


11 


57700 


96660 


61040 


38960 


03340 


42300 


49 


12 


67731 


96655 


61076 


38924 


03345 


42269 


48 


13 


57762 


96650 


61112 


38888 


03350 


42238 


47 


14 


67793 


96645 


61148 


38852 


03355 


42207 


46 


15 


67824 


96640 


61184 


38816 


03360 


42176 


45 


16 


67855 


96634 


61220 


38780 


03366 


42145 


44 


17 


67885 


96629 


61256 


38744 


03371 


42115 


43 


18 


67916 


96624 


61292 


38708 


03376 


42084 


42 


19 


57947 


96619 


61328 


38672 


03381 


42053 


41 


20 


9.57978 


9.96614 


9.61364 


10.38636 


10.03386 


10.42022 


40 


21 


68008 


96608 


61400 


38600 


03392 


41992 


39 


22 


68039 


96603 


61436 


38564 


03397 


41961 


38 


23 


68070 


96598 


61472 


38528 


03402 


41930 


37 


24 


68101 


96593 


61508 


38492 


03407 


41899 


36 


25 


68131 


96588 


61544 


38456 


03412 


41869 


35 


26 


68162 


96582 


61579 


38421 


03418 


41838 


34 


27 


58192 


96577 


61615 


38385 


03423 


41808 


33 


28 


58223 


96572 


61651 


38349 


03428 


41777 


32 ' 


29 


58253 


96567 


61687 


38313 


03433 


41747 


31 
30 


30 


9.58284 


. 9.96562 


9.61722 


10.38278 


10.03438 


10.41716 


31 


58314 


96556 


61758 


38242 


03444 


41686 


29 


32 


68345 


96551 


61794 


38206 


03449 


41655 


28 


33 


68375 


96546 


61830 


38170 


03454 


41625 


27 . 


34 


58406 


96541 


61865 


38135 


0^459 


41594 


26 


35 


68436 


96535 


61901 


38099 


03465 


41564 


25 


36 


68467 


96530 


61936 


38064 


03470 


41533 


24 


37 


68497 


96525 


61972 


38028 


03475 


41503 


S3 


38 


68527 


96520 


62008 


37992 


03480 


41473 


22 


39 


58557 


96514 


62043 


37957 


03486 


41443 


21 
20 


40 


9.58588 


9.96509 


9.62079 


10.37921 


10.03491 


10.41412 


41 


68618 


96504 


62114 


37886 


03496 


41382 


19 


42 


68648 


96498 


62150 


37850 


03502 


41352 


18 


43 


58678 


96493 


62185 


37815 


03507 


41322 


17 


44 


58709 


96488 


62221 


37779 


03512 


41291 


16 


45 


68739 


96483 


62256 


37744 


03517 


41261 


15 


46 


68769 


96477 


62292 


37708 


03523 


41231 


14 


47 


68799 


96472 


62327 


37673 


03528 


41201 


13 


48 


68829 


96467 


62362 


37638 


03533 


41171 


12 


49 


58859 


96461 


62398 


37602 


03539 


41141 


11 
10 


50 


9.58889 


9.96456 


9.62433 


10.37567 


10.03544 


10.41111 


51 


68919 


96451 


62468 


37532 


03549 


41081 


9 ' 


52 


58949 


96445 


62504 


37496 


03555 


41051 


8 


53 


58979 


96440 


62539 


37461 


03560 


41021 


7 


54 


69009 


96435 


62574 


37426 


03565 


40991 


6 


55 


69039 


96429 


62609 


37391 


03571 


40961 


5 


56 


59069 


96424 


62645 


37355 


03576 


40931 


4 


57 


59098 


96419 


62680 


37320 


03581 


40902 


3 


58 


69128 


96413 


62715 


37285 


03587 


40872 


2 


59 


69158 


96408 


62750 


37250 


03592 


40842 


1 


60 


59188 


96403 


62785 


37215 


03597 


40812 



M. 




Co-sine. 


Sine. 


Co-tanp. 


Tanorent. 


Co-»ftcant 


S<»r:»nt. 








67 De 


grees. 









t" 



Artificial Sines, Tang, and Sec. 23 Degrees. 1 3 



M. 


Sine. 


Co-sine. 


• Tangent. 


C6-tang^. 


Secant. 


Co-secaot 







9.59188 


9.96-103 


9.62785 


10.37215 


10.03697 


10.40812 


60 


1 


59218 


96397 


62820 


37180 


03603 


40782 


69 


2 


69247 


96392 


62855 


37145 


03608 


40753 


68 


3 


69277 


96387 


62890 


37110 


03613 


40723 


57 


4 


69307 


96381 


62926 


37074 


08619 


40693 


66 


6 


59336 


96376 


62961 


37039 


08624 


40664 


55 


6 


59366 


96370 


62996 


37004 


03630 


40634 


64 


7 


69396 


96365 


63031 


36969 


03635 


40604 


53 


8 


69425 


96360 


63066 


36934 


03640 


40575 


52 


9 


69466 


96354 


63101 


36899 


03646 


40545 


51 


10 


9.69484 


9.96349 


9.63135 


10.36865 


10.03651 


10.40516 


50 


11 


69514 


96343 


63170 


36830 


03657 


40486 


49 


12 


69643 


96338 


63205 


36795 


03662 


40457 


48 


13 


69573 


96333 


63240 


36760 


03667 


40427 


47 


14 


69602 


96327 


63275 


96725 


03673 


40398 


46 


15 


69632 


96322 


63310 


36690 


03678 


40368 


45 


16 


69661 


96316 


63345 


36655 


03684 


40339 


44 


17 


69690 


96311 


63379 


36621 


03689 


40310 


43 


18 


69720 


96305 


63414 


36586 


03695 


40280 


42 


19 


69749 


96300 


63449 


36551 


03700 


40251 


41 


20 


9.59778 


9.96294 


9.63484 


10.36516 


10.03706 


10.40222 


40 


21 


69808 


96289 


63519 


36481 


03711 


40192 


39 


22 


69837 


96284 


63553 


36447 


03716 


40163 


38 


23 


69866 


96278 


63588 


36412 


03722 


40134 


37 


24 


69895 


96273 


63623 


36377 


03727 


40105 


36 


25 


69924 


96267 


63657 


36343 


03733 


40076 


35 


26 


69964 


96262 


63692 


36308 


03738 


40046 


34 


27 


69983 


96256 


63726 


36274 


03744 


40017 


33 


28 


60012 


96251 


63761 


36239 


03749 


39988 


32 


29 


60041 


96245 


63796 


36204 


03755 


39959 


31 


30 


9.60070 


9.96240 


9.63830 


10.36170 


10.03760 


10.39930 


30 


31 


60099 


96234 


63865 


36135 


03766 


39901 


29 


32 


60128 


96229 


63899 


36101 


03771 


39872 


28 


33 


60167 


96223 


63934 


36066 


03777 


39843 


27 


34 


60186 


96218 


' 63968 


36032 


03782 


39814 


26 


35 


60216 


96212 


>64003 


35997 


03788 


39785 


25 


36 


60244 


96207 


64037 


35963 


03793 


39756 


24 


37 


60273 


96201 


64072 


35928 


03799 


39727 


23 


38 


60302 


96196 


64106 


35894 


03804 


39698 


22 


39 


60331 


96190 


64140 


35860 


03810 


39669 


21 


40 


9.60369 


9.96185 


9.64175 


10.35825 


10.03815 


10.39641 


20 


41 


60388 


96179 


64209 


35791 


03821 


39612 


19 


42 


60417 


96174 


64243 


35757 


03826 


39583 


18 


43 


60446 


96168 


64278 


36722 


03832 


39554 


17 


44 


60474 


96162 


64312 


35688 


03838 


39526 


16 


45 


60503 


.96157 


64346 


35654 


03843 


39497 


15 


46 


60532 


96151 


64381 


35619 


03849 


39468 


14 


47 


60561 


96146 


64415 


35585 


03854 


39439 


13 


48 


60589 


96140 


64449 


35551 


03860 


39411 


12 


49 


60618 


96135 


64483 


35517 


03865 


39382 


11 


50 


9.60G46 


9.96129 


9.64517 


10.35483 


10.03871 


10.39a54 


10 


51 


60675 


96123 


64552 


35448 


03877 


3932.5 


9 


52 


• 60704 


96118 


64586 


35414 


03882 


39296 


8 


53 


60732 


96112 


64620 


35380 


03888 


39268 


7 


54 


60761 


96107 


64654 


35346 


03893 


39239 


6 


55 


60789 


96101 


64688 


35312 


03899 


39211 


5 


56 


60818 


96095 


64722 


35278 


03905 


39102 


4 


57 


60846 


96090 


64756 


35244 


03910 


39154 


3 


58 


60875 


96084 


64790 


35210 


03916 


39125 


2 


59 


60903 


96079 


64824 


35176 


03921 


39097 


1 


60 


60931 


96073 


64858 


35142 


03927 


39069 





„ 


Co-sine. 


Sine. 


Co-tansr. 


Tangent. 


Co-secant 


Secant. 



66 Degrees. 



132 


Artificial Sine 


6, Tang. 


and Sec 24 Degrees. 




M. 


Sine. 


Co-tine. 


Tangent. 


Co-tang. 


Secant. 


Co-aecant 


60 





9.60931 


9.96073 


9.64858 


10.35142 


10.03927 


10.39069 


1 


60960 


96067 


64892 


35108 


03933 


39O40 


59 


2 


60988 


96062 


64926 


35074 


03938 


39012 


58 


3 


61016 


96056 


64960 


35040 


03944 


38984 


57 


4 


61045 


96050 


64994 


35006 


03950 


38955 


56 


5 


61073 


96045 


65028 


34972 


03955 


38927 


56 


6 


61101 


96039 


65062 


34938 


03961 


38899 


541 


7 


61129 


96034 


65096 


34904 


03966 


38871 


53; 


8 


61158 


96028 


65130 


34870 


03972 


38842 


52 


9 


61186 


96022 


65164 


34836 


03978 


38814 


61 
50 


10 


9.61214 


9.96017 


9.65197 


10.34803 


10.03983 


10.38786 


11 


61242 


96011 


65231 


34769 


03989 


38758 


49 


12 


61270 


96005 


65265 


34735 


03995 


38730 


48 


13 


61298 


96000 


65299 


34701 


04000 


38702 


47 


14 


61326 


95994 


65333 


34667 


04006 


38674 


46 . 


15 


61354 


95988 


65366 


34634 


04012 


38646 


45 ; 


16 


61382 


95982 


65400 


34600 


04018 


38618 


44 : 


17 


61411 


95977 


65434 


34566 


04023 


38589 


43 


18 


61438 


95971 


65467 


34533 


04029 


38562 


42 


19 


61466 


95965 


65501 


34499 


04035 


38534 


41 

40 


20 


9.61494 


9.95960 


9.65535 


10.34465 


10.04040 


10.38506 


21 


61522 


95954 


65568 


34432 


04046 


38478 


39 


22 


61550 


95948 


. 65602 


34398 


04052 


38450 


38 


23 


61578 


95942 


65636 


34364 


04058 


38422 


37 


24 


61606 


95937 


65669 


34331 


04063 


38394 


36 


25 


61634 


95931 


65703 


34297 


04069 


38366 


35 


26 


61662 


95925 


65736 


34264 


04075 


38338 


34| 


27 


61689 


95920 


65770 


34230 


04080 


38311 


33' 


28 


61717 


9.5914 


65803 


34197 


04086 


38283 


32' 


29 


61745 


95908 


65837 


34163 


04092 


38255 


31 

30 r 


30 


9.61773 


9.95902 


9.65870 


10.34130 


10.04098 


10.38227 


31 


61800 


96897 


65904 


34096 


04103 


38200 


29, 


32 


61828 


95891 


65937 


34063 


04109 


38172 


28> 


t» 


61856 


95885 


65971 


34029 


04115 


38144 


27 


34 


61883 


95879 


66004 


33996 


04121 


38117 


26 


a? 


61911 


95873 


66038 


33962 


04127 


38039 


26 


36 


61939 


95868 


66071 


33929 


04132 


38061 


24 


37 


61966 


95862 


66104 


33896 


04138 


38034 


rn 


38 


61994 


95856 


66138 


33862 


04144 


38006 


22 


39 


62021 


95850 


66171 


33829 


04150 


37979 


21 1 
20 


40 


9.62049 


9.95844 


9.66204 


10.33796 


10.04156 


10.37951 


41 


62076 


95839 


66238 


33762 


04161 


37924 


19 


42 


62104 


95833 


66271 


33729 


04167 


37896 


18 


43 


62131 


95827 


66304 


33696 


04173 


37869 


17 


44 


62159 


95821 


66337 


33663 


04179 


37841 


16 


45 


62186 


95815 


66371 


33629 


04185 


37814 


15 


46 


62214 


95810 


66404 


33596 


04190 


37786 


14 


47 


62241 


95804 


66437 


33563 


04196 


37759 


13 


48 


62268 


95798 


66470 


33530 


04202 


37732 


12 


49 


62296 


95792 


66503 


33497 


04208 


37704 
10.37677 


11 
10 


60 


9.62323 


9.95786 


9.66537 


10.33463 


10.04214 


51 


62350 


95780 


66570 


33430 


04220 


37650 


9 


52 


62377 


95775 


66603 


33397 


04225 


37623 


8 


53 


62405 


95769 


66636 


33364 


04231 


37595 


7 


54 


62432 


95763 


66669 


33331 


04237. 


37568 


6 


55 


62459 


95757 


66702 


33298 


04243 


37541 


5 


56 


62486 


95751 


66735 


33265 


04249 


37514 


4 


57 


62513 


95745 


66768 


33232 


04255 


37487 


3 


58 


62541 


95739 


66801 


33199 


04261 


37459 


2 


59 


62568 


95733 


66834 


33166 


• 04267 


37432 


1 


60 


62595 


95728 


66867 


33133 


04272 


37405 




M. 1 


1 1 


< o-sine. 


Sine. 


Co-tan^. 


Tan^nt. 


Co-secant 


Secant. 



65 Degrees* 





Artificial Sines, Tang. 


and Sec, 25 Degrees. 


13; 


M. 


Sine. 


Co-aine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.62595 


9.95728 


9.66867 


10.33133 


10.04272 


10.37405 


60 


1 


62622 


95722 


66900 


33100 


04278 


37378 


59 


2 


62649 


. 95716 


66933 


33067 


04284 


37351 


58 


3 


62676 


95710 


66966 


33034 


04290 


37324 


57 


4 


62703 


95704 


66999 


33001 


04296 


37297 


M 


5 


62730 


95698 


67032 


32968 


04302 


37270 


55 


6 


62757 


95692 


67065 


32935 


04308 


37243 


54 


7 


62784 


95686 


67098 


32902 


04314 


37216 


53 


8 


62811 


95680 


67131 


32869 


04320 


37189 


52 


9 


62838 


95674 


67163 


32837 


04326 


37162 
10.37135 


51 


10 


9.62865 


9.95668 


9.67196 


10.32804 


10.04332 


50 


11 


62892 


95663 


67229 


32771 


04337 


37108 


49 


12 


62918 


95657 


67262 


32738 


04343 


37082 


48 


13 


62945 


95651 


67295 


32705 


04349 


37055 


47 


14 


62972 


95645 


67327 


32673 


04355 


37028 


46 


15 


62999 


95639 


67360 


32640 


04361 


37001 


45 


16 


63026 


95633 


67393 


32607 


04367 


36974 


44 


17 


63052 


95627 


67426 


32574 


04373 


36948 


43 


18 


63079 


95621 


67458 


32542 


04379 


36921 


42 


19 


63106 


95615 


67491 


32509 


04385 


36894 


41 


20 


9.63133 


9.95609 


9.67524 


10.32476 


10.04391 


10.36867 


40 


21 


63159 


95603 


67556 


32444 


04397 


36841 


39 


22 


63186 


-95597 


67589 


32411 


04403 


36814 


38 


23 


63213 


95591 


67622 


32378 


04409 


36787 


37 


24 


63239 


95585 


67654 


32346 


04415 


36761 


36 


25 


63266 


95579 


67687 


32313 


04421 


36734 


35 


26 


63292 


95573 


67719 


32281 


04427 


36708 


34 


27 


63319 


. 95567 


67752 


32248 


04433 


36681 


33 


28 


63345 


95561 


67785 


32215 


04439 


36655 


32 


29 


63372 


95555 


67817 


32183 


04445 


36628 


31 


30 


9.63398 


9.95549 


9.67850 


10.32150 


10.04451 


10.36602 


30 


31 


63425 


95543 


67882 


32118 


04457 


36575 


29 


32 


63451 


95537 


67915 


32085 


04463 


36549 


28 


33 


63478 


95531 


67947 


32053 


04469 


36522 


27 


34 


63504 


95525 


67980 


32020 


04475 


36496 


26 


a'> 


63531 


95519 


68012 


31988 


04481 


36469 


25 


36 


63557 


95513 


68044 


31956 


04487 


36443 


24 


37 


63583 


95507 


68077 


31923 


04493 


36417 


23 


38 


. 63610 


95500 


68109 


31891 


04500 


36390 


22 


39 


63636 


95494 


68142 


31858 


04506 


36364 


21 


40 


9.63662 


9.95488 


9.68174 


10.31826 


10.04512 


10.36338 


20 


41 


63689 


95482 


68206 


31794 


04518 


36311 


19 


42 


63715 


95476 


68239 


31761 


04524 


36285 


18 


43 


63741 


95470 


68271 


31729 


04530 


36259 


17 


44 


63767 


95464 


68303 


31697 


04536 


36233 


16 


45 


63794 


95458 


68336 


31664 


04542 


36206 


15 


46 


63820 


95452 


68368 


31632 


04548 


36180 


14 


47 


63846 


95446 


68400 


31600 


04554 


36154 


13 


48 


63872 


95440 


68432 


31568 


04560 


36128 


12 


49 


63898 


95434 


68465 


31535 


04566 


36102 


11 


50 


9.63924 


9.95427 


9.68497 


10.31503 


10.04573 


10.36076 


10 


61 


63950 


95421 


68529 


31471 


04579 


36050 


9 


52 


63976 


95415 


68561 


31439 


04585 


36024 


8 


53 


64002 


95409 


68593 


31407 


04591 


35998 


7 


54 


64028 


95403 


68626 


31374 


04597 


35972 


6 


55 


64054 


95397 


68658 


31342 


04603 


35946 


5 


56 


64080 


95391 


68690 


31310 


04609 


35920 


4 


57 


64106 


95384 


68722 


31278 


04616 


35894 


3 


58 


64132 


95378 


68754 


31246 


04622 


35868 


2 


59 


64158 


95372 


68786 


31214 


04628 


35842 


1 


60 


64184 


95366 


68818 
Co-tan^. 


31182 
Tangent. 


04634 


35816 







Co-sine. 


Sine. 


Co-secant 


Secant. 


M. 



64 Degrees* 



34 


Artificial Sines, Tang^ and S< 


ec. 26 Degrees. 

■ 




M. 


bme. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







9.64184 


9.95366 


9.68818 


10.31182 


10.04634 


10.35816 


60 


1 


64210 


95360 


68850 


31150 


04640 


35790 


59 


2 


64236 


95354 


68882 


31118 


04646 


35764 


53 


3 


64262 


95348 


68914 


31086 


04652 


35738 


67 


4 


64288 


95341 


68946 


31054 


04659 


35712 


66 


5 


64313 


95335 


68978 


31022 


04665 


35687 


65 


6 


64339 


96329 


69010 


30990 


04671 


35661 


64 


7 


64365 


95323 


69042 


30958 


04677 


35635 


63 


8 


64391 


95317 


69074 


30926 


04683 


35609 


52 


9 


64417 


95310 


69106 


30894 


04690 


35583 


61 


10 


9.64442 


9.95304 


9.69138 


10.30862 


10.04696 


10.35558 


50 


11 


64468 


95298 


69170 


30830 


04702 


35532 


49 


12 


64494 


95292 


69202 


30798 


04708 


35506 


48 


13 


64519 


95286 


69234 


30766 


04714 


35481 


47 


14 


64545 


95279 


69266 


30734 


04721 


35455 


46 


To 


64571 


95273 


69298 


30702 


04727 


35429 


46 


16 


64596 


95267 


69329 


30671 


04733 


35404 


44 


17 


64622 


95261 


69361 


. 30639 


04739 


35378 


43 


18 


64647 


95254 


69393 


30607 


04746 


35353 


42 


19 
20 


64873 


95248 


69425 


30575 


04752 


35327 


41 


9.64698 


9.95242 


9.69457 


10.30543 


10.04758 


10.35302 


40 


21 


64724 


95236 


69488 


30512 


04764 


35276 


39 


22 


64749 


95229 


69520 


30480 


04771 


35251 


38 


23 


64775 


95223 


69552 


30448 


04777 


35225 


37 


24 


64800 


95217 


69584 


to416 


04783 


35200 


36 


25 


64826 


95211 


69615 


30385 


04789 


35174 


36 


26 


64851 


95204 


69647 


30353 


04796 


35149 


34 


27 


64877 


95198 


69679 


30321 


04802 


35123 


33 


28 


64902 


95192 


69710 


30290 


04808 


35098 


32 


29 
30 


64927 


95185 


69742 


30258 


04815 


35073 


31 
30 


9.64953 


9.95179 


9.69774 


10.30226 


10.04821 


10.35047 


31 


64978 


95173 


69805 


30195 


04827 


35022 


29 


32 


65003 


95167 


69837 


30163 


04833 


34997 


28 


33 


65029 


95160 


69868 


30132 


04840 


34971 


27 


34 


65054 


95154 


69900 


30100 


04846 


34946 


26 


,35 


65079 


95148 


69932 


30068 


04852 


34921 


26 


^ 


65104 


95141 


69963 


30037 


04859 


34896 


24 


37 


65130 


95135 


. 69995 


30005 


04865 


34870 


23 


38 


65155 


95129 


70026 


29974 


04871 


34845 


22 


39 


65180 


95122 


70058 


29942 


04878 


34820 


21 


40 


9.65205 


9.95116 


9.70089 


10.29911 


10.04884 


10.34795 


20 


41 


65230 


95110 


70121 


29879 


04890 


34770 


19 


42 


65255 


95103 


70152 


29848 


04897 


34745 


18 


43 


65281 


95097 


70184 


29816 


04903 


34719 


17 


44 


65306 


95090 


70215 


29785 


04910 


34694 


16 


45 


65331 


95084 


70247 


29753 


04916 


34669 


15 


46 


65356 


95078 


70278 


29722 


04922 


34644 


14 


47 


65381 


95071 


70309 


29691 


04929 


34619 


13 


48 


65406 


95065 


70341 


29659 


04935 


34594 


12 


49 


65431 


95059 


70372 


29628 


04941 


34569 


11 


50 


9.65456 


. 9.95052 


9.70404 


10.29596 


10.04948 


10.34544 


10 


51 


65481 


95046 


70435 


29565 


04954 


34519 


9 


52 


65506 


95039 


70466 


29534 


04961 


34494 


8 


53 


65531 


95033 


70498 


29502 


04967 


34469 


7 


54 


65556 


95027 


70529 


29471 


04973 


34444 


6 


55 


65580 


95020 


70560 


29440 


04980 


34420 


5 


56 


65605 


95014 


70592 


29408 


04986 


34395 


4 


57 


65630 


95007 


70623 


29377 


04993 


34370 


3 


58 


65655 


95001 


70654 


29346 


04999 


34345 


2 


59 


65680 


94995 


70685 


29315 


05005 


34320 


1 


60 


65705 


94988 


70717 


29283 


05012 


34295 
Secant. 







Co-sine. 


Sin6. 


Co'tan^. 


Tanpent. 


Co-secant 


M. 



63 Degrees. 





Artificial l^nes, Tang. 


and Sec. 27 Degrees. 


135 


M. 


Sine. 


Co-aine. 


Tangent. 


Co-tang. 


Secant. 
10.05012 


Co-secant 







9.65705 


9.94988 


9.70717 


10.29283 


10.34295 


60 


1 


65729 


94982 


70748 


29252 


05018 


34271 


59 


2 


65754 


94975 


70779 


29221 


05025 


34246 


58 


3 


^ 65779 


94969 


70810 


29190 


05031 


34221 


57 


4 


65804 


94962 


70841 


29159 


05038 


34196 


56 


5 


65828 


94956 


70873 


29127 


05044 


34172 


55 


6 


65853 


94949 


70904 


29096 


05051 


34147 


54 


7 


63878 


94943 


70935 


29065 


05057 


34122 


53 


8 


65902 


94936 


70966 


29034 


05064 


34098 


52 


9 


65927 


94930 


70997 


29003 


05070 


34073 
10.34048 


51 
50 


10 


9.65952 


9.94923 


9.71028 


10.28972 


10.05077 


11 


65976 


94917 


71059 


28941 


05083 


34024 


49 


12 


66001 


94911 


71090 


28910 


05089 


33999 


48 


13 


66025 


94904 


71121 


28879 


05096 


33975 


47 


14 


66050' 


94898 


71153 


28847 


05102 


33950 


46 


15 


66075 


94891 


71184 


28816 


05109 


33925 


45 


16 


66099 


94885 


71215 


28785 


05115 


33901 


44 


17 


66124 


94878 


71246 


28754 


05122 


33876 


43 


18 


66148 


94871 


71277 


28723 


05129 


33852 


42 


19 


66173 


94865 


71308 


28692 


05135 


33827 


41 
40 


20 


9.66197 


9.94858 


9.71339 


10.28661 


10.05142 


10.33803 


21 


66221 


94852 


71370 


28630 


05148 


33779 


39- 


22 


66246 


94845 


71401 


28599 


05155 


33754 


38 


23 


66270 


94839 


71431 


28569 


05161 


33730 


37 


24 


66295 


94832 


71462 


28538 


05168 


33705 


36 


25 


66319 


94826 


71493 


28507 


05174 


33681 


35 


26 


66343 


94819 


71524 


28476 


05181 


33657 


34 


27 


66368 


94813 


71555 


28445 


05187 


33632 


a*5 


28 


66392 


94806 


71586 


28414 


05194 


33608 


32 


29 


66416 


94799 


71617 


28383 


05201 


33584 


31 
30 


30 


9.66441 


9.94793 


9.71648 


10.28352 


10.05207 


10.33559 


31 


66465 


94786 


71679 


28321 


05214 


33535 


29 


32 


66489 


94780 


71709 


28291 


05220 


33511 


•28 


»< 


66513 


94773 


71740 


28260 


05227 


33487 


27 


34 


66537 


94767 


71771 


28229 


05233 


33463 


26 


tv> 


66562 


94760 


71802 


2Q198 


05240 


33438 


25 


36 


66586 


94753 


71833 


28167 


05247 


33414 


24 


37 


66610 


94747 


71863 


28137 


05253 


33390 


23 


38 


66634 


94740 


71894 


28106 


05260 


33366 


22 


39 


66658 


94734 


71925 


28075 


05266 


33342 


21 
20 


40 


9.66682 


9.94727 


9.71955 


10.28045 


10.05273 


10.33318 


41 


66706 


94720 


71986 


28014 


05280 


33294 


19 


42 


66731 


94714 


72017 


27983 


05286 


33269 


18 


43 


66755 


94707 


72048 


27952 


05293 


33245 


17 


44 


66779 


94700 


72078 


27922 


05300 


33221 


16 


45 


66803 


94694 


72109 


27891 


05306 


33197 


15 


46 


66827 


94687 


72140 


27860 


05313 


33173 


14 


47 


66851 


94680 


72170 


27830 


05320 


33149 


13 


48 


66875 


94674 


72201 


27799 


05326 


33125 


12 


49 
50 


66899 


94667 


72231 


27769 


05333 


33101 


11 
10 


9.66922 


9.94660 


9.72262 


10.27738 


10.05340 


10.33078 


51 


66946 


94654 


72293 


27707 


05346 


33054 


9 


52 


66970 


94647 


72323 


27677 


05353 


33030 


8 


53 


66994 


94640' 


72354 


27646 


05360 


33006 


7 


54 


67018 


94634 


72384 


27616 


05366 


32982 


6 


55 


67042 


94627 


72415 


27585 


05373 


32958 


5 


56 


67066 


94620 


72445 


27555 


05380 


32934 


4 


57 


67090 


94614 
94607 


72476 


27524 


05386 


32910 


3 


58 


67113 


72506 


27494 


05393 


32887 


2 


59 


67137 


94600 


72537 


27463 


05400 


32863 


1 


60 


67161 


94593 


72567 


27433 


05407 


32839 



M. 


..... 


Co-aine. 


Sine. 


Co- tang. 


Tangent 


Co^iacant 


Secant. 



62 Degrees. 



136 


Artificial Sines, Tang< 


. and Sec 28 Degrees. 




M. 


Sine. 


Co-sine. 


Tang^ent. 


Co-tang. 


Secant. 


Co-tecant 







9.67161 


9.94583 


9.72567 


10.27433 


10.05407 


10.32839 


60 


1 


67185 


94587 


72598 


27402 


05413 


32815 


59 


2 


67208 


94580 


72628 


27372 


05420 


32792 


58 


3 


67232 


94573 


72659 


27341 


05427 


32768 


57 


4 


67256 


94567 


72689 


27311 


05433 


32744 


56 


5 


67280 


94560 


72720 


27280 


05440 


32720 


55 


6 


67303 


94553 


72750 


27250 


05447 


32697 


54 


7 


67327 


94546 


72780 


27220 


05454 


32673 


53 


8 


67350 


94540 


72811 


27189 


05460 


32650 


52 


9 


67374 


94533 


72841 


27159 


05467 


32626 


51 
50 


10 


9.67398 


9.94526 


9.72872 


10.27128 


10.05474 


10.32602 


11 


67421 


94519 


' 72902 


27098 


05481 


32579 


49 


n 


67445 


94513 


72932 


27068 


05487 


32555 


48 


13 


67468 


94506 


72963 


27037 


05494 


32532 


47 


14 


67492 


94499 


72993 


27007 


05501 


32508 


46 


15 


67515 


94492 


73023 


26977 


05508 


32485 


45 


16 


67539 


94485 


73054 


26946 


05515 


32461 


44 


17 


67562 


94479 


73084 


26916 


05521 


32438 


43 


18 


67586 


94472 


73114 


26886 


05528 


32414 


42 


19 
20 


67609 


94465 


73144 


26856 


05535 


32391 


41 


9.67633 


9.94458 


9.73175 


10.26825 


10.05542 


10.32367. 


40 


21 


67656 


94451 


73205 


26795 


05549 


32344 


39 


22 


67680 


94445 


73235 


26765 


05555 


32320 


38 


23 


67703 


94438 


73265 


28735 


05562 


32297 


37 


24 


67726 


94431 


73295 


26705 


05569 


32274 


38 


25 


67750 


94424 


73326 


26674 


05576 


32250 


as 


26 


67773 


94417 


73356 


26644 


05583 


32227 


34 


27 


67796 


94410 


73386 


26614 


05590 


32204 


33 


28 


67820 


94404 


73416 


1^584 


05596 


32180 


32 


29 
30 


67843 


94397 


73446 


26554 


05603 


^ 32157 


31 


9.67866 


9.94390 


9.73476 


10.26524 


10.056^10 


10.32134 


30 


31 


67890 


94383 


73507 


26493 


05617 


32110 


29 


32 


67913 


94376 


735^ 


26463 


05624 


32087 


28 


33 


67936 


94369 


73567 


26433 


05631 


32064 


27 


34 


67959 


94362 


73597 


36403 


05638 


32041 


26 


a*) 


67982 


94355 


.73627 


26373 


05645 


32018 


25 


36 


68006 


94349 


73657 


26343 


05651 


31994 


24 


37 


68029 


94342 


73687 


26313 


05658 


31971 


23 


38 


68052 


94335 


73717 


26283 


05665 


31948 


22 


39 


68075 


94328 


73747 


26253 


05672 


31925 


21 


40 


9.68098 


' 9.94321 


9.73777 


10.26223 


10.05679 


10.31902 


20 


41 


68121 


94314 


73807 


26193 


05686 


31879 


19 


42 


68144 


94307 


73837 


26163 


05693 


31856 


18 


43 


68167 


94300 


73867 


26133 


05700 


31833 


17 


44 


68190 


94293 


73897 


26103 


05707 


31810 


16 


45 


68213 


94286 


73927 


26073 


05714 


31787 


15 


46 


68237 


94279 


73957 


26043 


05721 


31763 


14 


47 


68260 


94273 


73987 


26013 


05727 


31740 


13 


48 


68283 


94266 


74017 


25983 


05734 


31717 


12 


49 
50 


68305 


94259 


74047 


25953 


05741 


31695 


11 


9.68328 


9.94252 


9.74077 


10.25923 


10.05748 


10.31672 


10 


51 


68351 


94245 


74107 


25893 


05755 


31649 


9 


52 


68374 


94238 


74137 


25863 


05762 


31626 


8 


53 


68397 


94231 


74166 


25834 


05769 


31603 


7 


54 


68420 


94224 


74196 


25804 


05776 


31580 


6 


55 


68443 


94217 


74226 


25774 


05783 


31557 


S 


56 


68466 


94210 


74256 


25744 


05790 


31534 


4 


57 


68489 


94203 


74286 


25714 


06797 


31511 


3 


58 


68512 


94196 


74316 


25684 


05804 


31488 


2 


59 


68534 


94189 


74345 


25655 


05811 


31466 


1 


60 


68557 


' 94182 


74375 


25625 
Tang:ent. 


05818 


31443 







Co-line. 


Sine. 


Co-tan^r. 


Co-secant 


Secant. 


^-. 



61 Degrees. 





Artificial Sinetf; Taifg 


. and Sec. 29 Degrees. 

• 

.. . 4 


137 


1^ 


Sine. 


Co-one. 


Tangent. 


Co-tang. 
10.25625 


Secant. 


Co-secant 


60 


e 


9.68557 


9.94183 


9.74375 


10.05818 


10.31443 


1 


68580 


94175 


74405 


25595 


05825 


31420 


59 


2 


68603 


IK168 


74435 


25565 


05832 


31397 


58 


3 


68625 


94161 


74465 


25535 


05839 


31fW.«J 


57 


4 


68648 


^4154 


74494 


25506 


05846 


31352 56 H 


5 


68671 


94147 


74524 


25476 


05853 


31329 


55 


6 


68694 


94140 


74554 


25446 


05860 


31306 


54 


7 


68716 


94133 


74583 


25417 


05867 


31284 


53 


8 


68739 


94126 


74613 


25387 


05874 


31261 


52 


9 


68762 


94119 


74643 


25357 


05881 


31238 


51 
50 


10 


9.68784 


9.94112 


9.74673 


10.25327 


10.05888 


10.31216 


11 


68807 


94105 


74702 


25298 


05895 


31193 


49 


12 


68829 


1M098 


74732 


25268 


05902 


31171 


48 


13 


68852 


94090 


74762 


25238 


05910 


31148 


47 


14 


68875 


94083 


74791 


25209 


05917 


31125 


46 


15 


68897 


94076 


74821 


25179 


05924 


31103 


45 


16 


68920 


94069 


74851 


25149 


05931 


31080 


44 


17 


68942 


94062 


74880 


25120 


05938 


31058 


43 


18 


68965 


94055 


74910 


25090 


05945 


31035 


42 


19 


68987 


94048 


74939 


25061 


05952 


31013 


41 
40 


20 


9.69010 


9.94041 


9.74969 


10.25031 


10.05959 


10.30990 


21 


69032 


94034 


74998 


25002 


05966 


30968 


39 


22 


69055 


94027 


75028 


24972 


05973 


30945 


38 


23 


69077 


94020 


75058 


24942 


05980 


30923 


37 


24 


69100 


94012 


75087 


24913 


05988 


30900 


36 


25 


69122 


94005 


75117 


24883 


05995 


30878 


95 


26 


69144 


93998 


75146 


24854 


06002 


30656 


34 


27 


69167 


93991 


75176 


24824 


06009 


30833 


39 


28 


69189 


93984 


75205 


24795 


06016 


30811 


32 


29 


69212 


93977 


75235 


24765 


06023 


30788 


31 
30 


30 


9.69234 


9.93970 


9.752S4 


10.24736 


10.06030 


10.30766 


31 


69256 


93963 


75294 


24706 


06037 


30744 


29 


32 


69279 


93955 


75323 


24677 


06045 


30721 


28 


r« 


69301 


93948 


75353 


24647 


06052 


30699 


27 


34 


69323 


93941 


75382 


24618 


06059 


30677 


26 


9!f 


69345 


93934 


75411 


24589 


06066 


30655 


25 


36 


69368 


93927 


75441 


24559 


06073 


30632 


24 


37 


69390 


93920 


75470 


24530 


06080 


30610 


23 


38 


69412 


93912 


75500 


24500 


06088 


30588 


22 


39 


69434 


93905 


75529 


.24471 


06095 


30566 


21 
20 


40 


9.69456 


9.93898 


9.75558 


10.24442 


10.06102 


10.30544 


41 


69479 


93891 


75588 


24412 


06109 


30521 


19 


42 


69501 


93884 


75617 


24383 


06116 


30499 


18 


43 


69523 


93876 


75647 


24353 


06124 


30477 


17 


44 


69545 


93869 


75676 


24324 


06131 


30455 


16 


45 


69567 


93862 


75705 


24295 


06138 


30433 


15 


46 


69589 


93855 


75735 


24265 


06145 


30411 


14 


47 


69611 


93847 


75764 


24236 


06153 


30389 


13 


48 


69633 


93840 


75793 


24207 


06160 


30367 


12 


49 


69655 


93833 


75822 


24178 


06167 


30345 


11 
10 


50 


9.69677 


9.93826 


9.75852 


10.24148 


10.06174 


10.30323 


51 


69699 


93819 


76881 


24119 


06181 


30301 


» 


52 


69721 


93811 


75910 


24090 


06189 


30279 


8 


53 


69743 


93804 


75939 


24061 


06196 


30257 


7 


54 


69765 


93797 


75969 


24031 


06203 


30235 


6 


55 


69787 


93789 


75998 


24002 


06211 


30213 


5 


56 


69809 


93782 


78027 


23073 


06218 


30191 


4 


57 


69831 


93775 


76056 


23944 


06225 


30169, 


3 


58 


69853 


93768 


76086 


23914 


06232 


30147 


2 


59 


69875 


93760 


76115 


23885 


06240 


30125 


1 


60 


69897 


93753 


76144 


23856 


06247 


30103 


• 




Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-Moant 


Secant < 


M. 



26 



60 Degree*. 



{ 


Artificial Siness Taiig.'an9 Sec. 30 Degmesw 






t 


Sine. 


Co-sine. 


Tangent. 


'Co-tang;. 


Secant. 


Co-secant 


60 




1 


9.69897 


9-93753 


9.76144 


10.23856 


UM)6247 


10.30108 






6991» 


93746 


76173 


23827 


06254 


« 90081 


58 




» 


00941 


93738 


76202 


23798 


06262 


90059 


58 




1 

t 


6996a 


93731 


76231 


23769 


06269 


99097 


57 


. 


k 


69984 


93724 


76261 


23739 


96276 


90016 


56 




► 


70006 


93717 


7629a 


23710 


06283 


29994 


55 




t 

> 


70028 


93799 


76319 


23681 


06891 


29972 


54 




f 


7005O 


98702 


76348 


23652 


. 09298 


29950 


59 




t 


70072 


93695 


76377 


23623 


06805 


29928 


52 




> 


70093 


93687 


76406 


23594 


06313 


29907 


51 
60 




) 


9.70115 


9.93680 


9.76435 


10.23565 


10.06320 


10.29885 




i 


70137 


93673 


76464 


23536 


06327 


29863 


40 




I 


70156^ 


93666 


76493 


23507 


06335 


29841 


48 




I 


70180 


98658 


76622 


23478 


06342 


29820 


47 




i 


70202 


93650 


76551 


23449 


06350 


29798 


46 




> 


70224 


98643 


76580 


23420 


06357 


29776 


45 




\ 


70245 


93638 


76609 


23391 


06364 


29755 


44 




J 


70267 


93628 


76639 


23361 


06372 


29733 


49 




i 


70288 


93621 


76668 


23332 


06379 


29712 


42 




) 


70310 


93614 


76697 


23308 


90386 


29690 


41 

40 




) 


9.70332 


9.93606 


9.76725 


10.23275 


10.06394 


10.29668 




I 


70355 


98599 


76754 


23246 


06401 


29647 


39 




I 


70375 


99591 


76783 


23217 


06409 


29625 


98 




3 


70396 


93584 


76812 


23188 


06416 


29604 


97 




1 


70418 


99677 


76841 


23159 


06429 


29582 


96 




S 


70439 


99569 


76870 


23130 


06431 


29561 


95 




3 


70461 


93562 


76899 


23101 


06438 


29539 


94 




7 


70482 


93554 


76928 


23072 


06446 


29518 


93 




S 


70504 


93547 


76957 


23043 


06453 


29496 


32 




9 


70525 


99539 


76986 


23014 


00461 


29475 


91 

30 




d 


9.7064r 


9.93532 


9.77015 


10.22985 


10.06468 


10.29459 




1 


70568 


93525 


77044 


22956 


06475 


29432 


29 




2 


70590 


93517 


77073 


22927 


06483 


29410 


28 




3 


70611 


93510 


77101 


22899 


06490 


29389 


27 




4 


70633 


93502 


77130 


22870 


06498 


29367 


26 




S 


70654 


93495 


T7169 


22841 


06505 


29346 


25 




S 


70675 


93487 


77188 


22812 


06513 


29325 


24 




7 


70697 


93480 


77217 


22783 


06520 


29308 


29 




8 


70718 


93472 


77246 


22754 


06528 


29282 


22 




9 


70739 


93465 


77274 


22726 


06535 


29261 


21 
20 




1/ 


9.70761 


9.93457 


9.77303 


10.22697 


10.06543 


10.29239 




1 


70782 


93450 


77332 


22668 


06550 


29218 


19 




2 


70803 


93442 


77361 


SSS639 


06558 


29197 


18 




3 


70824 


93435 


77390 


22610 


06565 


29176 


17 




4 


70846 


93427 


77418 


22582 


06573 


29154 


16 




5 


70867 


93420 


77447 


22553 


06580 


29133 


15 




6 


70888 


93412 


77476 


22524 


06588 


29112 


14 




7 


70909 


93405 


77505 


22495 


06595 


29091 


19 




8 


70931 


93397 


77533 


22467 


06608 


29069 


12 




9 


70952 


93390 


77562 


22438 


06610 


29048 


11 
10 







9.70973 


9.93382 


9.77591 


10.22409 


10.06618 


10.29027 




1 


70994 


93375 


77619 


22381 


06625 


29006 


9 




2 


71015 


93367 


77648 


fle352 


06633 


28985 


8 




3 


71036 


93360 


77677 


22323 


06640 


28964 


7 




4 


71058 


93352 


77706 


22294 


06648 


28942 


6 




5 


71079 


93344 


77734 


22266 


06656 


28921 


5 




6 


71100 


93337 


77763 


22237 


06663 


28900 


4 




7 


71121 


93329 


77791 


22209 


06671 


28879 


9 




8 


71142 


93322 


77820 


22180 


06678 


28858 


2 




9 


71163 


93314 


77849 


22151 


06686 


28837 


1 







71184 


93307 


77877 


22123 


06693 


28816 







5S 


Co-sine. 


Sine. 


Co-tang:. 


Tangent. 


Co-Mcant 


Secant 


xM. 





69 Degrees 







Aitifirial Sines, Tang^ and Sec. '31 Degrees. 


139 




M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secaiii | 
10.28816 60 1 







9.71184 


9.93307 


9.77877' 


10.22123 


10.06693 




1 


71205 


93299 


77906 


22094 


06701 


28795 


59 




2 


71226 


93291 


77935 


22065 


06709 


28774 


58 




. 3 


71247 


93284 


77963 


22037 


06716 


28753 


67 




4 


71268 


93276 


77992 


22008 


06724 


• 28732 


66 




5 


71289 


93269' 


78020 


21980 


06731 


26711 


55 




6 


71310 


93261 


78049 


21951 


06739 


28690 


54 




7 


71331 


83253 


78077 


21923 


06747 


28669 


63 




8 


71352 


93246 


78106 


21894 


06754 


28648 


52 




9 
10 


71373 


93238 


78135 


21865 


06762 


28627 


51 
50 




9-71393 


9.93230 


8.78163 


10.21837, 


10.06770 


10.28607 




11 


71414 


93223 


78192 


21808 


06777 


28586 


49 




It 


71435 


99215 


78220 


21780 


06785 


28565 


48 




13 


71456 


93207 


78249 


21751 


06793 


38544 


47 




14 


71477 i 


93200 


78277 


21723 


. 06800 


28523 


46 




15 


71498 


98192 


78306 


21694 


06808 


28502 


46 




le 


71619 


93184 


78334 


21666 


06816 


28481 


44 




17 


71539 


93177 


78363 


21637 


06823 


28461 


43 




18 


71560 


93109 


78391 


21609 


06831 


28440 


42 




19 


71581 


93161 


78419 


21581 


06839 


28419 
10.28398 


41 




20 


9.71602 


9.93154 


9,78448 


10.21552 


10.06846 


40 




21 


71622 


93146 


78476 


21524 


06854 


28378 


39 




22 


71643 


93138 


78505 


21495 


06862 


28357 


38 




23 


71664 


98131 


78533 


21467 


06869 


28336 


37 




24 


71685 


93123 


78562 


21438 


06877 


28315 


36 




25 


71705 


93115 


78590 


21410 


06885 


28295 


35 




26 


71726 


93108 


78818 


21382 


06892 


28274 


34 




27 


71747 


93100 


78647 


21353 


06900 


28253 


33 




28 


71767 


93092 


78675* 


21325 


06908 


28233 


32 




29 


71788 


93084 


78704 


21296 


06916 


28212 


31 
30 




30 


9.71809 
7T829 


9,93077 


9.78732 


10.21268 


10.06923 


10.28191 




31 


93069 


78760 


21240 


06931 


28171 


29 




32 


71850 


93061 


78789 


21211 


06939 


28150 


28 




33 


71870 


93053 


78817 


21183 


06947 


28130 


27 




34 


71891 


93046 


78845 


21155 


06954 


28109 


26 




35 


71911 


93038 


78874 


21126 


06962 


28089 


25 




36 


71932 


93030 


78902 


21098 


06970 


28068 


24 




37 


71952 


99022 


78930 


21070 


06978 


28048 


23 




38 


71973 


93014 


78959 


21041 


06986 


28027 


22 




39 


71994 


93007 


78987 


21013 


06993 


28006 


21 
20 




40 


9.72014 


9.92999 


9.79015 


10.20985 


10.07001 


10.27986 




41 


72034 


92991 


79043 


20957 


07009 


27966 


19 




42 


72055 


92983 


79072 


20928 


07017 


27945 


18 




43 


72075 


92976 


79100 


20900 


07024 


27925 


17 




44 


72096 


92968 


79128 


20872 


07032 


1^904 


16 




45 


72116 


92960 


79156 


20844 


07040 


27884 


16 




46 


72137 


92952 


79185 


20815 


0704S 


27863 


14 




47 


72157 


92944 


79213 


20787 


07056 


27843 


13 




48 


72177 


92936 


79241 


20759 


07064 


27823 


12 




49 


72198 


92929 


79269 


20731 


07071 


27802 


11 

It 




50 


9.72218 


9.92921 


9.79297 


10.20703 


10.07079 


10.27782 




51 


72238 


92913 


79326 


20674 


07087 


27762 


9 




52 


72259 


92905 


79354 


20646 


07095 


27741 


8 




53 


72279 


92897 


79382 


20618 


07103 


27721 


7 




54 


72299 


92889 


79410 


20590 


07111 


27701 


6 




55 


72320 


92881 


79438 


20562 


07119 


27680 


5 




56 


72340 


92874 


79466 


20534 


07126 


27660 


4 


57 


72360 


92866 


79495 


20505 


07134 


27640 


3 


58 


72381 


92858 


79523 


20477 


07142 


27619 


2 


59 


72401 


92850 


79551 


20449 


07150 


27599 


1 




eo 


72421 


92842 


79579 


20421 


07158 


27579 





^ 


Co-sine. 


Sine. 


Co-tan^. 


Tan^nt. 


Co-0ecant 


Secant. 


JL 



58 Degrees. 



40 


Artificial Sines, Tang, and Sec. 32 Degrees. 




M. 


Sine. 


Co-sine. 


Tangent. 


Co- tang. 


Secant. 


Co-secant 


60 





9.72421 


9.92842 


9.79579 


10.20421 


10.07158 


10.27579 


1 


72441 


92834 


79607 


20393 


07166 


27559 


59 


2 


72461 


92826 


79635 


20365 


07174 


27539 


58 


3 


72482 


92818 


79663 


20337 


07182 


27518 


57 


4 


72502 


92810 


79691 


20309 


07190 


27498 


56 


6 


72522 


92803 


79719 


20281 


07197 


27478 


55 


6 


72542 


92795 


79747 


20253 


07205 


27458 


54 


7 


72562 


92787 


79776 


20224 


07213 


27438 


53 


8 


72582 


92779 


79804 


20196 


07221 


27418 


52 


9 


72602 


92771 


79832 


20168 


07229 


27398 


61 


10 


9.72622 


9.92763 


9.79860 


10.20140 


10.07237 


10.27378 


50 


11 


72643 


92755 


79888 


20112 


07245 


27357 


49 


12 


72663 


92747 


79916 


20084 


07253 


27337 


48 


13 


72683 


92739 


79944 


20056 


07261 


27317 


47 


14 


72703 


92731 


79972 


20028 


07269 


27297 


46 


15 


72723 


92723 


80000 


20000 


617277 


27277 


45 


16 


72743 


92715 


80028 


19972 


67285 


27257 


44 


17 


72763 


92707 


80056 


19944 


07293 


27237 


43 


18 


72783 


02699 


80084 


1991^ 


07301 


27217 


42 


19 


72803 


92691 


80112 


19888 


07309 


27197 


41 


20 


9.72823 


9.92683 


9.80140 


10.19860 


10.07317 


10 27177 


40 


21 


72843 


92675 


80168 


19832 


07325 


27157 


30 


22 


72863 


92667 


80195 


19805 


07333 


27137 


38 


23 


72883 


92659 


80223 


19777 


07341 


27117 


37 


24 


72902 


92651 


80251 


19749 


07349 


27098 


36 


25 


72922 


92643 


80279 


19721 


0735T 


27078 


a5 


26 


72942 


92635 


8030T 


19693 


07365 


27058 


34 


27 


72962 


92627 


80335 


19665 


07373 


27038 


33 


28 


72982 


92619 


80363 


19637 


07381 


27018 


32 


29 


73002 


92611 


80391 


19609 


07389 


26998 


31 
30 


30 


9.73022 


9.92603 


9.80419 


10.19581 


10.07397 


IC .26978 


31 


73041 


92595 


80447 


19553 


07405 


'26959 


29 


32 


73061 


92587 


80474 


19526 


07413 


26939 


28 


t« 


73081 


92579 


80502 


19498 


07421 


26919 


27 


34 


73101 


92571 


80530 


1947a 


07429 


26899 


26 


35 


73121 


92563 


80558 


19442 


07437 


26879 


25 


36 


73140 


92555 


80586 


19414 


07445 


26860 


24 


37 


73160 


92546 


80614 


19386 


07454 


26840 


23 


38 


73180 


92538 


80642 


19358 


07462 


26820 


22 


39 


73200 


92530 


80669 


19331 


07470 


26800 


21 


40 


9.73219 


9.92522 


9.80697 


10.19303 


10.07478 


10.26781 


20 


41 


73239 


92514 


80725 


19276 


07486' 


26761 


19 


42 


73259 


92506 


80753 


19247 


07494 


26741 


18 


43 


73278 


92498 


80781 


19219 


07502 


26722 


17 


44 


73298 


92490 


80808 


19192 


07510 


26702 


16 


45 


73318 


92482 


80836 


19164 


07518 


26682 


15 


46 


73337 


92473 


80864 


19136 


07527 


28663 


14 


47 


73357 


92465 


80892 


19108 


07535 


26643 


13 


48 


73377 


92457 


80919 


19081 


07543 


26623 


12 


49 


73396 


92449 
9.92441 


80947 


19053 


07551 


26604 


11 


60 


9.73416 


9.80975 


10.19025 


10.07559 


10.26584 


10 


51 


73435 


92433 


81003 


18997 


07567 


28565 


9 


52 


73455 


92425 


81030 


18970 


07575 


26545 


8 


53 


73474 


92416 


81058 


18942 


07584 


26526 


7 


54 


73494 


92408 


81086 


18914 


07592 


26506 


6 


55 


73513 


92400 


81113 


18887 


07600 


26487 


6 


56 


73533 


92392 


81141 


18859 


07608 


26467 


4 


57 


73552 


92384 


81169 


18831 


07616 


26448 


3 


58 


73572 


92376 


81196 


18804 


07624 


26428 


2 


59 


73591 


92367 


81224 


18776 


07633 


26409 


1 


60 


73611 


92359 


81252 


18748 


07641 


26389 


n 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 


M. 



57 Degrees. 





Artificial Sines, Tang. 


and Sec. 33 Degrees. 
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M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 


Co-secant 







1 1 1 

9.73611 


9.92359 


9.81252 


10.18748 


10.07641 


10.26389 


60 


1 


73630 


92351 


81279 


18721 


07649 


26370 


59 


2 


73650 


92343 


81307 


18693 


07657 


26350 


58 


3 


73669 


92335 


81335 


18665 


07665 


26331 


57 


4 


73689 


92326 


81362 


18638 


07674 


26311 


56 


5 


73708 


92318 


81390 


18610 


07682 


26292 


55 


6 


73727 


92310 


81418 


18582 


07690 


26273 


64 


7 


73747 


92302 


81445 


18555 


07698 


26253 


53 


8 


73766 


92293 


81473 


18527 


07707 


26234 


62 


9 


73785 


92285 


81500 


18500 


07715 


26215 


51 


10 


9.73805 


9.92277 


9.81528 


10.18472 


10.07723 


10.26195 


50 


U 


73824 


92269 


81556 


18444 


07731 


26176 


49 


18 


73843 


92260 


81583 


• 18417 


07740 


26157 


48 


13 


73863 


92252 


81611 


18389 


07748 


26137 


47 


14 


73882 


92244 


81638 


18362 


07766 


26118 


46 


15 


73901 


92235 


81666 


18334 


07765 


26099 


46 


16 


73921 


92227 


81693 


18307 


07773 


26079 


44 


17 


73940 


92219 


81721 


18279 


07781 


26060 


43 


18 


73959 


92211 


81748 


18252 


07789 


26041 


42 


19 


73978 


92202 


81776 


18224 


07798 


26022 


41 
40 


20 


9.73997 


9.92194 


9.81863 


10.18197 


10.07806 


10.26003 


^21 


74017 


92186 


81831 


18169 


07814 


25983 


39 


22 


74036, 


92177 


81858 


18142 


07823 


25964 


38 


23 


74055 


92169 


81886 


18114 


07831 


25945 


37 


24 


74074 


92161 


81913 


18087 


07839 


25926 


36 


25 


74093 


92152 


81941 


18059 


07848 


25907 


as 


26 


74113 


92144 


81968 


18032 


07856 


25887 


34 


27 


74132 


92136 


81996 


18004 


07864 


25868 


33 


28 


74151 


92127 


82023 


17977 


07873 


25849 


32 


29 


74170 


92119 


82051 


17949 


07881 


25830 


31 
30 


30 


9.74189 


9.92111 


9.82078 


10.17922 


10.07889 


10.25811 


31 


74908 


92102 


82106 


17894 


07898 


25792 


29 


32 


74227 


92094 


82133 


17867 


07906 


25773 


28 


33 


74246 


92086 


82161 


17839 


07914 


25754 


27 


34 


74265 


92077 


82188 


17812 


07923 


25735 


26 


35 


74284 


92069 


82215 


17785 


07931 


25716 


25 


36 


74303 


92060 


82243 


17757 


07940 


25697 


24 


37 


74322 


92052 


82270 


17730 


07948 


25678 


23 


38 


74941 


92044 


82298 


17702 


07956 


S5659 


22 


39 


74360 


92035 


82325 


17675 


07966 


25640 


21 
20 


40 


9.74379 


9.92027 


9.82352 


10.17048 


10.07973 


10.25621 


41 


74398 


92018 


82380 


17620 


07982 


25602 


19 


42 


74417 


92010 


82407 


17593 


07990 


25583 


18 


43 


74436 


99002 


82435 


17665 


07998 


25564 


17 


44 


74455 


91993 


82462 


17538 


08007 


25545 


16 


45 


74474 


91985 


82489 


17511 


08015 


25526 


15 


46 


74493 


91976 


82517 


17483 


08024 


25507 


14 


47 


74512 


91968 


82544 


17456 


08032 


25488 


13 


48 


74531 


91959 


82571 


17429 


08041 


25469 


12 


49 
50 


74549 


91951 


82599 


17401 


08049 


25451 


11 
10 


9.74568 


9.91942 


9.82626 


10.17374 


10.08058 


10.25432 


51 


74587 


91934 


82653 


17347 


08066 


25413 


9 


52 


74606 


91925 


82681 


17319 


08075 


25394 


8 


53 


74625 


91917 


82708 


17292 


08083 


25376 


7 


54 


74644 


91908 


8S735 


17265 


08092 


25356 


6 


55 


74662 


91900 


82762 


17238 


08100 


25338 


6 


56 


74681 


• 91891 


82790 


17210 


08109 


25319 


4 


57 


74700 


91883 


82817 


17183 


08117 


25300 


3 


58 


74719 


91874 


82844 


17156 


08126 


25281 


2 


59 


74737 


91866 


82871 


17129 


08134 


25263 


I 


60 


74756 


91857 


82899 


17101 


08143 


25244 




M. 




Co-sine. 


Sine. 


Co-tan|f. 


Tangent 


Co-secant 


Secant. 



66 degrees. 



142 


Artificial Sines, Tang, and Sec. 34 Degrees. 




M. 


Sine. 


Conine. 


Tangent. 


Co-tang;. 


Secant. 


Co-eecant 


1 





9.74766 


9.91857 


9.82899 


10.17101 


10.08143 


10.25244 


60l 


1 


74775 


91849 


82926 


17074 


08151 


25225 


59 1 


2 


74794 


91840 


82953 


17047 


08160 


25206 


681 


3 


74812 


91832 


82980 


17020 


08168 


i 25188 


57 1 


4 


74831 


91823 


83008 


16992 


08177 


25169 


56 1 


5 


74850 


91815 


83035 


16965 


08185 


25150 


55 1 


6 


74868 


9180& 


83062 


16938 


08194 


25132 


54| 


7 


74887 


91798 


83089 


16911 


08202 


25113 


53 1 


8 


74906 


91789 


83117 


16883 


08211 


25694 


52 1 


9 


74924 


91781 


83144 


16856 


08219 


25076 


51 1 
50 


10 


9.74943 


9.91772 


9.83171 


10.16829 


10.08228 


10.25057 


11 


74961 


91763 


83198 


16802 


06237 


25039 


49 


12 


74980 


91755 


83225 


16775 


08245 


25020 


48 


13 


74999 


91746 


83252 


16748 


08254 


25001 


47 


14 


75017 


91738 


83280 


16720 


08262 


24983 


46 


15 


75036 


91729 


83307 


16693 


68271 


24964 


45 


16 


75054 


91720 


83334 


16666 


08280 


24946 


44 


17 


75073 


91712 


83361 


16639 


08288 


M927 


43 


18 


75091 


91703 


83388 


16612 


08297 


24909 


42 


19 


75110 


91695 


83415 


16585 


06305 


24890 


41 
40 


20 


9.75128 


9.91686 


9.83442 


10.16558 


10.08314 


10.24872 


21 


75147 


91677 


83470 


16530 


06323 


- 24853 


39 


22 


75165 


91669 


83497 


16503 


08331 


248S5 


38 


23 


75184 


91660 


83524 


16476 


08340 


24816 


37 


24 


75202 


91651 


83551 


16449 


08349 


24798 


36 


25 


75221 


91643 


83578 


16422 


08357 


24779 


36 


26 


75^39 


91634 


83605 


16395 


68366 


24761 


34 


27 


75258 


91G25 


83632 


16368 


08375 


24742 


33 


28 


7527e 


91ffl7 


83659 


16341 


08383 


24724 


32 


29 


75294 


91608 


83686 


16314 


06392 


24706 


31 
36 


30 


9.75313 


9.91599 


9.83713 


10.16287 


10.08401 


10.24687 


31 


75331 


91591 


83740 


16260 


08409 


24669 


29 


32 


75360 


91582 


83768 


16232 


08418 


24650 


28 


33 


75368 


91573 


83795 


16205 


08427 


24632 


27 


34 


75386 


91565 


83822 


16178 


08435 


24614 


26 


35 


75405 


91556 


83849 


16151 


08444 


24595 


25 


36 


75423 


91547 


8387ff 


16124 


08453 


24577 


24 


37 


75441 


91538 


83903 


16097 


08462 


24569 


23 


38 


W478 


91530 


83930 


16070 


08470 


24541 


22 


39 


91521 


83957 


16043 


08479 


24522 


21 
20 


40 


9.75496 


9.91612 


9.83984 


10.16016 


10.08488 


10.24504 


41 


75514 


91504 


84011 


15989 


08496 


24486 


19 


42 


75533 


91496 


84038 


15962 


08505 


24467 


18 


43 


75651 


91486 


84065 


15935 


08514 


24449 


17 


44 


75669 


91477 


84092 


15906 


08523 


24431 


16 


45 


75687 


91469 


84119 


15881 


08531 


24413 


16 


46 


75605 


91460 


84146 


15854 


08640 


24395 


14 


47 


75624 


91451 


84173 


15827 


08549 


24376 


13 


48 


75642 


91442 


84200 


15800 


08658 


24356 


12 


49 


75660 


91433 


84227 


15773 


08667 

II II 


24340 


11 
10 


.50 


9.75678 


9.91425 


9.84254 


10.15746 


10.08575 


10.24322 


51 


75696 


91416 


84280 


15720 


08684 


24304 


9 


52 


75714 


91407 


• 84307 


15693 


08593 


24286 


8 


53 


75733 


91398 


84334 


15666 


08602 


24267 


7 


54 


75751 


91389 


84361 


15639 


08611 


24249 


6 


55 


75769 


91381 


84388 


15612 


08619 


24231 


5 


56 


75787 


91372 


84415 


15585 


06628. 


24213 


4 


57 


75805 


91363 


84442 


15558 


08637 


24195 


3 


58 


75823 


91354 


84469 


15531 


06646 


24177 


ft 


59 


75841 


91345 


84496 


15504 


08655 


24159 


1 


60 


75859 


91336 


84523 


15477 


08664 


24141 







Co-sine. 


Sine. 


Co-tan^. 


Tangent 


Co-secant 


i Secant. 


M. 



65 D^prees* 



Artificial !^es, Tang, and Sec. 35 Degrees. 143 



I 


"mT 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. < 


Co-secant 




V 





9.75859 


9.91336 


9.34523 


10.15477 


10.08664 


10.24U1 


60 




1 


75877 


91328 


84550 


15450 


06672 


24123 


59 




2 


75895 


91319 


84576 


15424 


08681 


24105 


58 




3 


75913 


91310 


84603 


15397 


08690 


24087 


67 




4 


75931 


91301 


84630 


15370 


C8699 


24069 


66 




6 


75949 


91292 


84657 


15343 


08708 < 


24051 


65 




6 


75967 


91283 


84684 


15316 


08717 


24033 


54 




7 


75985 


91274! 


84711 


15289 


^726 


24015 


53 




8 


76003 


9126< 


84738 


15962 


<»734 


23997 


52 




9 


76021 


91257 


84764 


15236 


96743 


23979 


51 




10 


9.76039 


9.91248 


9.84791 


10. 15209 


10.08752 


10.23961 


50 




11 


76057 


91239 


84818 


1S182 


08*261 


23943 


49 




IS 


76075 


91238 


84845 


15155 


08776 


23925 


48 




13 


76093 


91221 


84872 


15128 


08779 


23907 


47 




14 


76111 


91212 


94899 


15101 


08788 


23889 


46 


15 


76129 


91203 


94925 


1507S 


08797 


23871 


45 


16 


76146 


91194 


84952 


15048 


68806 


23854 


44 


17 


76164 


91185 


84979 


15021 


08815 


23836 


43 


IS 


. 76182 


9ir6 


95006 


14994 


08824 


23818 


42 




19 


76200 


91167 


85033 


14967 


98833 


23800 


41 




20 


9.76218 


9.91158 


9.85059 


10.14941 


10.08842 


10.23782 


40 




SI 


76236 


91149 


85086 


14914 


08851 


23764 


39 




S2 


76253 


91141 


85113 


14887 


08859 


23747 


38 




S3 


76271 


91132 


95140 


14860 


08868 


23729 


37 




34 


76289 


91123 


85166 


14834 


08877 


23711 


36 




S5 


78307 


91114 


85193 


14807 


08886 


23693 


35 




S6 


76324 


91105 


95229 


U780 


08895 


23676 


34 




27 


76342 


94096 


95247 


14753 


08904 


23658 


J« 




28 


76360 


91087 


95273 


14727 


08913 


23640 


32 




29 


76378 


91078 


85300 


14700 


08922 


23622 


31 




30 


9.76395 


9.91069 


9.85337 


19.14673 


f0.08931 


T0.23605 


30 




31 


76413 


91060 


85354 


14646 


08940 


23587 


29 




32 


76431 


91051 


85380 


14620 


08949 


23569 


28 




33 


76448 


91042 


95407 


14593 


08958 


23552 


27 


. 


34 


76466 


91033 


95434 


14506 


08967 


23534 


26 




35 


76484 


91023 


95460 


14540 


08977 


23510 


25 




35 


76601 


91014 


85487 


14513 


08986 


23499 


24 




37 


76519 


91005 


85514 


14486 


08995 


23481 


23 




38 


76537 


90996 


85540 


14460 


09004 


23463 


22 




39 


76554 


90987 


85567 


14433 


09013 


S3446 


21 




40 


9.76572 


9.90978 


9.85594 


10.14406 


K).09022 


10.23428 


20 




41 


76590 


90969 


95620 


14380 


09031 


23410 


19 




42 


766er7 


90969 


85647 


14353 


09040 


S3393 


18 


II 43 


76625 


90951 


85674 


14326 


09049 


23375 


17 


1^44 


76642 


909^ 


85700 


14300 


09058 


23358 


16 


r^ 


76660 


80933 


85727 


14273 


09067 


23340 


15 




46 


76677 


90924 


95754 


14246 


09076 


23323 


14 




47 


76695 


90915 


85780 


14220 


09085 


23305 


13 




48 


76712 


90906 


85807 


14193 


09094 


23288 


12 




49 


76730 


90896 


85834 


14166 


09104 


23270 


11 




50 


9.76747 


9.90887 


9.85860 


10.14140 


10.09113 


10.23253 


10 




51 


76765 


90878 


85887 


14113 


09122 


23235 


9 




52 


76782 


90869 


85913 


14087 


09131 


23218 


8 




53 


76800 


90860 


85940 


14060 


09140 


23200 


7 




54 


76817 


90851 


85967 


14033 


09149 


23183 


6 




55 


76835 


90842 


85993 


14007 


09158 


23165 


5 




56 


76852 


90832 


86020 


13980 


09168 


23148 


4 




57 


76870 


90823 


96046 


13954 


09177 


23130 


3 




58 


76887 


90814 


86073 


13927 


09186 


23113 


2 




59 


76904 


90805 


86100 


13^ 


09195 


23096 


1 


1 


60 


76922 


90796 


86126 


13874 


09204 


23078 







1 Co-sinc. 


Sine. 


Co-i^nf^. 


Tangent. 


Co-secant 


Secant.. 


M. 



S4 Degreet. 



44 Artificial Sines, Taog. and iSec. 36 Degrees 



M. 


Sine. 


Co-8ine. 


Tan^ent4 


Co-tang. 


Secant. 


Co-tecant 


1 


f 





9.76922 


9.90796 


9.86126 


10.13874 


i 10.09204 


10.23078 


6o| 


1 


76939 


90787 


86153 


13847 


09213 


23061 


59 1 


2 


76957 


90777 


86179 


13821 


09223 


23043 


^1 


3 


76974 


90768 


86206 


13794 


092%^ 


23026 


57 1 


4 


76991 


90759 


86232 


13768 


09241 


23009 


66 1 


5 


77009 


90750 


86259 


13741 


09250 


22991 


55 1 


6 


77026 


90741 


86285 


13715 


09259 


22974 


64 1 


7 


77043 


90731 


86312 


13688 


09269 


22957 


53 




8 


77061 


90722 


86338 


13662 


09278 


22939 


62 




9 


77078 


90713 


86365 


13635 


09287 


22922 


61 
60 




10 


9.77005 


9.90704 


9.86392 


10.13608 


10.09296 


10.22905 




11 


77112 


90694 


86418 


13582 


09306 


22888 


49 




12 


77130 


90685 


86445 


13555 


09315 


22870 


48 




13 


77147 


90676 


86471 


13529 


09324 


22853 


47 




14 


77164 


90667 


8649& 


13502 


09333 


22836 


46 




15 


77181 


90657 


86524 


13476 


09343 


22819 


46 


1 


16 


77199 


90648 


86551 


13449 


09352 


22801 


44 




17 


77216 


90639 


8657T 


13423 


09361 


22784 


43 




18 


77233 


90630 


86603 


13397 


09370 


22767 


42 




19 


77250 


90620 


86630 


13370 


09380 


22750 


41 
40 




20 


9.77268 


9.90611 


9.86656 


10.13344 


10.09389 


10.22732 




21 


77285 


90602 


8668S 


13317 


09398 


22715 


39 




22 


77302 


90592 


86709 


13291 


09408 


22698 


38 




23 


77319 


90683 


• 86736 


13264 


89417 


22681 


37 




24 


7733a 


90574 


86762 


13238 


•9426 


22664 


36 




25 


77353 


90565 


86789 


13211 


09435 


22647 


35 


' 


26 


77370 


90555 


86815 


13185 


69445 


22630 


34 




27 


77387 


90546 


86842 


13158 


09454 


22613 


33 




28 


77405 


90537 


86868 


13132 


09463 


22595 


32 


> 


29 


77422 


90527 


86894 


13106 


09473 


22578 


31 




30 


9.77439 


9.90518 


9.86921 


10.13079 


10.09482 


10.22561 


30 


' 


31 


77466 


90509 


86947 


13053 


09491 


22544 


29 




32 


77473 


90499 


86974 


13026 


09501 


22527 


28 




33 


77490 


90490 


87000 


13000 


09510 


22510 


27 




34 


7750T 


90480 


87027 


12973 


09520 


22493 


26 


' 


35 


77524 


90471 


87053 


12947 


09529 


22476 


26 




36 


77541 


90462 


87079 


12921 


09538 


.22459 


24 




37 


77558 


90452 


87106 


12894 


09548 


22442 


23 


. 


38 


77575 


90443 


87132 


12868 


09557 


22425 


22 




39 


77592 


90434 


87158 


12842 


09566 


22408 


21 
20 


■ 


40 


9.77609 


9.904S4 


9.87185 


10.12815 


10.09576 


10.22391 




41 


77626 


90415 


87211 


12789 


09585 


22374 


19 




42 


77643 


90405 


87238 


1276!? 


69595 


22357 


18 




43 


77660 


90396 


87264 


12736 


09604 


22340 


7 




44 


77677 


90386 


87290 


12710 


09614 


22323 


16 




45 


77694 


90377 


87317 


12683 


09623 


22306 


15 




46 


77711 


90368 


37343 


12657 


09632 


22289 


14 




47 


77728 


90358 


87369 


12631 


09642 


22272 


13 




48 


77744 


90349 


87396 


12604 


09651 


22256 


12 




49 


77761 


90839 


87422 


12578 


09661 


22939 


11 
10 




50 


9.77778 


9.90330 


9.87448 


10. 12552 


10.09670 






51 


77795 


90330 


87475 


12525 


09680 


22205 


9 


, 


52 


77812 


90311 


87501 


12499 


09689 


22188 


8 




63 


77829 


90301 


87527 


12473 


09699 


22171 


7 


54 


77846 


90292 


87554 


12446 


09708 


22154 


6 


55 


77862 


90282 


87580 


12420 


09718 


22138 


6 


56 


77879 


90273 


87606 


12394 


09727 


22121 


4 


57 


77896 


90263 


87633 


12367 


09737 


22104 


3 


58 


77913 


90254 


87659 


12341 


09746 


22087 


2 


59 


77930 


90244 


87685 


12315 


09756 


22070 


1 


60 


77946 


90235 


87711 


12289 


09765 


22054 









Co-sine. 


Sine. 


Co-tan^. 


Tangent. 


Co-secant 


Secant. 


mJ 



63 Deg;reeft» 



Artificial Sines, I'^^g* ^^^ Sec. 37 Degrees. 1 4 





M. 


Sine. 


Co-sine. 


Tangent. 
9.87711 


Co-tang. 


Secant. 


Co-secant 









9.77946 


9.90235 


10.12289 


10.09765 


10.22054 


60 




I 


77963 


90225 


87738 


12262 


09775 


22037 


59 




2 


77980 


90216 


87764 


12236 


09784 


22020 


58 




3 


77997 


90206 


87790 


12210 


09794 


22003. 


57 




4 


78013 


90197 


87817 


12183 


09803 


21987 


56 




5 


78030 


90187 


87843 


12157 


09813 


21970 


55 




6 


78047 


90178 


87869 


12131 


09822 


21953 


54 




7 


78063 


90168 


87895 


12105 


09832 


21937 


53 




8 


78080 


90159 


87922 


12078 


09841 


21920 


52 




9 


78097 


90149 


87948 


12052 


09851 


21903 


51 




10 


9.78113 


9.90139 


9.87974 


10.12026 


10.09861 


10.21887 


50 




11 


78130 


90130 


88000 


12000 


09870 


21870 


49 




12 


78147 


90120 


88027 


11973 


09880 


21853 


48 




13 


78163 


90111 


88053 


11947 


09889 


21837 


47 




14 


78180 


90101 


88079 


11921 


09899 


21820 


46 




15 


78197 


90091 


88105 


11895 


09909 


21803 


45 




16 


78213 


90082 


88131 


11869 


09918 


21787 


44 




17 


78230 


90072 


88158 


11842 


09928 


21770 


43 




18 


78246 


90063 


88184 


11816 


09937 


21754 


42 




19 


78263 


90053 


88210 


11790 


09947 


21737 


41 




20 


9.78280 


9.90043 


9.88236 


10.11764 


10.09957 


10.21720 


40 




21 


78296 


90034 


88262 


11738 


09966 


21704 


39 




22 


78313 


90024 


88289 


11711 


09976 


21687 


38 




23 


78329 


90014 


88315 


11685 


09986 


21671 


37 




24 


78346 


90005 


88341 


11659 


09995 


21654 


36 




25 


78362 


89995 


88367 


11633 


10005 


21638 


35 




26 


78379 


89985 


88393 


11607 


10015 


21621 


34 




27 


78395 


89976 


88420 


11580 


10024 


21605 


33 




28 


78412 


89966 


88446 


11554 


10034 


21588 


32 




29 


78428 


89956 


88472 


11528 


10044 


21572 


31 




30 


9.78445 


9.89947 


9.88498 


10.11502 


10.10053 


10.21555 


30 




31 


78461 


89937 


88524 


11476 


10063 


21539 


29 




32 


78478 


89927 


88550 


11450 


10073 


21522 


28 




33 


78494 


89918 


88577 


11423 


10082 


21506 


27 




34 


78510 


89908 


88603 


11397 


10092 


21490 


26 




35 


78527 


89898 


88629 


11371 


10102 


21473 


25 




36 


78543 


89888 


88655 


11345 


10112 


21457 


24 




37 


78560 


89879 


88681 


11319 


10121 


21440 


23 




38 


78576 


89869 


88707 


11293 


10131 


( 21424 


22 




39 


78592 


89859 


88733 


11267 


10141 


21408 


21 




40 


9.78609 


9.89849 


9.88759 


10.11241 


10.10151 


10.21391 


20 




41 


78625 


89840 


88786 


11214 


10160 


21375 


19 




42 


78642 


89830 


88812 


11188 


10170 


21358 


18 




43 


78658 


89820 


88838 


11162 


10180 


21342 


17 




44 


78674 


89810 


88864 


11136 


10190 


21326 


16 




45 


78691 


89801 


88890 


11110 


10199 


21309 


15 




46 


78707 


89791 


88916 


11084 


10209 


21293 


14 




47 


78723 


89781 


88942 


11058 


10219 


21277 


13 




48 


78739 


89771, 


88968 


11032 


10229 


21261 


12 




49 


78756 


89761 


88994 


11006 


10239 


21244 


11 




50 


9.78772 


9.89752 


9.89020 


10.10980 


10.10248 


10.21228 


10 




51 


78788 


89742 


89046 


10954 


10258 


21212 


9 




52 


78805 


89732 


89073 


10927 


10268 


21195 


8 




53 


78821 


89722 


^ 89099 


10901 


10278 


21179 


7 




54 


78837 


89712 


89125 


10875 


10288 


21163 


6 




55 


78853 


89702 


89151 


10849 


10298 


21147 


5 




56 


78869 


89693 


89177 


10823 


10307 


21131 


4 




57 


78886 


89683 


89203 


10797 


10317 


21114 


3 




58 


78902 


89673 


89229 


10771 


10327 


21098 


2 




59 


78918 


89663 


89255 


10745 


10337 


21082 


1 




60 


78934 


89653 


89281 


10719 


10347 


21066 




M. 




Co-si nr. 


Sine. 


Co-tan«r.- 


Tansrent. 


Co-»ecant 


Secant. 



52 Degrees 



46 


Artificial Sines, Tang, and Sec. 38 D 


agrees. 




M. 


Sine. 


Co-sine. 


I'ang^ent. 


Co-tang^. 


Secant. 


Co-Mcant 


60 





9.78934 


9.89653 


9.89281 


10«10719 


10.10347 


10.21066 


1 


78950 


89643 


89307 


10^93 


10357 


21050 


59 


2 


78967 


89633 


89333 


10667 


10367 


21033 


58 


3 


78983 


89624 


89359 


10641 


10376 


21017 


57 


4 


78999 


89614 


89386 


10615 


10386 


21001 


56 


5 


79015 


89604 


89411 


10589 


10396 


20985 


65 


G 


79031 


89594 


89437 


10563 


. 10406 


20969 


64 


7 


79047 


89584 


89463 


10537 


10416 


20953 


63 


8 


79063 


89574 


89489 


10511 J 


10426 


20937 


62 


9 


79079 


89564 


89515 


10485 


10436 


20921 
10.20905 


51 
50 


10 


9.79095 


9.89564 


9.89541 


10.10469 


10.10446 


11 


79111 


89644 


89567 


10433 


10456 


20889 


49 


12 


79128 


89534 


89593 


10407 


10466 


20872 


48 


13 


79144 


89524 


89619 


10381 


10476 


20856 


47 


14 


79160 


89614 


89646 


10356 


10486 


20840 


46 


15 


79176 


89504 


89671 


10329 


10496 


20824 


46 


16 


79192 


89495 


89697 


10303 


10506 


20808 


44 


17 


79208 


89485 


89723 


10277 


10515 


20792 


43 


18 


79224 


89476 


89749 


10251 


10525 


20776 


42 


19 


79240 


89466 


89776 


10226 


10535 


20760 


41 
40 


20 


9.79266 


9.89466 


9.89801 


10.10199 


10.10645 


10.20744 


21 


79272 


89446 


89827 


10173 


10556 


20728 


89 


22 


79288 


89436 


89853 


10147 


10565 


20712 


38 


23 


79304 


89426 


89879 


10121 


10575 


20696 


37 


24 


79319 


89416 


89906 


10096 


10685 


20681 


36 


26 


79335 


89405 


89931 


10069 


10596 


20665 


36 


26 


79351 


89395 


89957 


10043 


10605 


20649 


34 


27 


79367 


89385 


89983 


10017 


10615 


20633 


33 


28 


79383 


89376 


90009 


09991 


10626 


20617 


32 


29 


79399 


89364 


90035 


09966 


10636 


20601 


31 

30 


30 


9.79415 


9.89364 


9.90061 


10.09939 


10.10646 


10.20585 


31 


79431 


89344 


90086 


09914 


10656 


20569 


29 


32 


79447 


89334 


90112 


09888 


10666 


20553 


28 


33 


79463 


89324 


90138 


09862 


10678 


20537 


27 


34 


79478 


89314 


90164 


09836 


10686 


20522 


26 


35 


79494 


89304 


90190 


09810 


10696 


20506 


25 


36 


79510 


89294 


90216 


09784 


10706 


20490 


24 


37 


79526 


89284 


90242 


09758 


10716 


20474 


23 


38 


7954t 


89274 


90268 


09732 


10726 


20458 


22 


39 


79558 


89264 


90294 


09706 


10736 


20442 


21 

20 


40 


9.79573 


9.89254 


9.903S0 


10.09680 


10.10746 


10.20427 


41 


79589 


89244 


90346 


09654 


10756 


20411 


19 


42 


79605 


89233 


• 90371 


09629 


10767 


20396 


18 


43 


79621 


89223 


90397 


09603 


10777 


20379 


17 


44 


79636 


89213 


90423 


09577 


10787 


20364 


16 


45 


79652 


89203 


90449 


09551 


10797 


20348 


15 


46 


. 79668 


89193 


90475 


09526 


10807 


20332 


14 


47 


79684 


89183 


90501 


09499 


10817 


20316 


13 


48 


79699 


89173 


90527 


09473 


10827 


20301 


12 


49 


79716 


89162 


90553 


09447 


10838 


20286 


11 
10 


50 


9.79731 


9.89162 


9.90578 


10.09422 


10.10848 


10.20269 


51 


79746 


89142 


90604 


09396 


10868 


20254 


9 


52 


79762 


89132 


90630 


09370 


10868 


20238 


8 


5S 


79778 


89122 


90656 


09344 


10878 


' 20222 


7 


54 


79793 


89112 


90682 


09318 


10888 


20207 


6 


55 


79809 


89101 


90708 


09292 


10899 


20191 


5 


56 


79825 


89091 


90734 


09266 


10909 


20175 


4 


57 


79840 


89081 


90759 


09241 


10919 


20160 


3 


58 


79856 


89071 


90786 


09215 


10929 


20144 


2 


59 


79872 


89060 


90811 


09189 


10940 


20128 


1 


60 


79887 


89050 


90837 


09163 


10960 


20113 




M. 




Co-sine. 


Sine. 


Co-tansr. 


Tanffent. 


Co-secant 


Secant. 



51 Degrees. 





Artificial Sines, Tang. 


atid Sea 39 Degrees. 


147 


jM. 


Sine. 


Co-line. 


Tangent. 


Co-tang;. 


Secant. 
10.10950 


Co-8ecant 


66 





9.79887 


9.89050 


9.90837 


10.09163 


10.20113 


1 


79903 


89040 


90863 


09137 


10960 


20097 


69 


2 


79918 


89030 


90889 


09111 


10970 


20082 


58 


3 


79934 


89020 


90914 


09086 


10980 


20066 


57 


4 


79950 


89009 


90940 


09060 


10991 


20050 


56 


5 


79965 


88999 


90966 


09034 


11001 


20035 


65 


6 


79981 


88989 


90992 


09008 


11011 


20019 


64 


7 


79996 


88978 


91018 


08982 


11022 


20004 


53 


8 


80012 


88968 


91043 


06957 


11032 


19988 


52 


9 


80027 


88958 


91069 


08931 


11042 


19973 


51 
60 


10 


9.80043 


9.88948 


9.91095 


10.08905 


10.11052 


10.19957 


11 


80058 


88937 


91121 


08879 


11063 


19942 


49 


12 


80074 


88927 


91147 


08853 


11073 


19926 


48 


13 


80089 


88917 


91172 


08828 


11083 


19911 


47 


14 


80106 


88906 


91198 


08802 
08776 


11094 


19895 


46 


15 


80190 


88896 


91224 


11104 


19880 


45 


16 


80136 


88886 


91250 


08750 


11114 


19864 


44 


17 


80151 


88875 


91276 


08724 


11125 


19849 


43 


18 


80166 


88865 


91301 


08699 


11135 


19834 


42 


19 


80182 


88855 


91327 


08673 


11145 


19818 


41 
40 


20 


9.80197 


9.88844 


9.91353 


10.08647 


10.11156 


10.19803 


21 


80213 


88834 


91379 


08621 


11166 


19787 


39 


22 


80228 


88824 


91404 


08596 


11176 


19772 


38 


23 


80244 


88813 


91430 


08570 


11187 


19766 


37 


24 


80259 


88803 
88793 


91456 


08544 


11197 


19741 


36 


25 


80274 


91482 


08518 


11207 


19726 


a<» 


26 


80290 


88782 


91507 


08493 


11218 


19710 


34 


27 


80305 


88772 


91533 


08467 


11228 


19695 


33 


28 


80320 


88761 


91559 


08441 


% 11239 


19680 


32 


29 


80336 


88751 


91585 


08415 


11249 


19664 


31 
30 


30 


9.80351 


9.88741 


9.91610 


10.08390 


10.11259 


10.19649 


31 


80366 


88730 


91636 


08364 


11270 


19634 


29 


32 


80382 


88720 


91662 


08338 


11280 


19618 


28 


33 


80397 


88709 


91688 


08312 


11291 


19603 


27 


34 


80412 


88699 


91713 


08287 


11301 


19588 


26 


35 


80428 


88688 


91739 


08261 


11312 


19572 


25 


36 


80443 


88678 


91765 


08235 


11322 


19557 


24 


37 


80458 


88668 


91791 


08209 


11332 


19542 


23 


38 


80473 


88657 


91816 


08184 


11343 


« 19527 


22 


39 


80489 


88647 


91842 


08158 


11353 


19511 


21 
20 


40 


9.80504 


9.88636 


9.91868 


10.08132 


10.11364 


10.19496 


41 


80519 


88626 


91893 


08107 


11374 


19481 


19 


42 


80534 


88615 


91919 


08081 


113a5 


19466 


18 


43 


80550 


88605 


91945 


08055 


11395 


19450 


17 


44 


80565 


88594 


91971 


08029 


11406 


19435 


16 


45 


80580 


88584 


91996 


08004 


11416 


19420 


15 


46 


80595 


88573 


92022 


07978 


11427 


19405 


14 


47 


80610 


88563 


92048 


07952 


11437 


19390 


13 


48 


80625 


88552 


92073 


07927 


11448 


19375 


12 


49 


80641 


88542 


92099 


07901 


11458 


19359 


11 
10 


50 


9.80656 


9.88531 


9.92125 


10.07875 


10.11469 


10.19344 


51 


.80671 


88521 


92150 


07850 


11479 


19329 


9 


52 


80686 


88510 


92176 


07824 


11490 


19314 


8 


53 


80701 


88499 


92202 


07798 


11501 


19299 


, 7 


54 


80716 


88489 


92227 


07773 


11511 


19284 


6 


55 


80731 


88478 


92253 


07747 


11522 


19269 


5 


56 


80746 


88468 


92279 


07721 


11532 


19254 


4 


57 


80762 


88457 


92304 


07696 


11543 


19238 


3 


58 


80777 


88447 


92330 


O7670 


11553 


19223 


2 


59 


80792 


88436 


92356 


07644 


11564 


19208 


1 


60 


80807 


88425 


92381 


07619 


11575 


19193 




M. 1 


Co-sine. 


Sine. 


Co-tan^. 


Tangent. 


Co-secant 


Secant. 



31* 



50 Degrees. 



148 Artificial Sines, Tang, and Sec. 40 Degrees 



Irf. 


Sine. 


Co-sint. 


Tangent. 


Co-tang. 


iSecant. 


Co-secant 
10.19193 


-ni 





9.80807 


9.88425 


9.92381 


10.07619 


10.11575 


60 1 


1 


80822 


88415 


92407 


07593 


11585 


19178 


59 


2 


80837 


88404 


92433 


07567 


11596 


19163 


S8 


3 


80852 


88394 


92458 


07542 


11606 


19148 


67 


4 


80867 


88383 


92484 


07516 


11617 


19133 


56 


5 


80882 


88372 


92510 


07490 


11628 


19118 


55 


6 


80897 


88362 


92535 


07465 


11638 


19103 


54 


7 


80912 


88351 


92561 


07439 


11649 


19088 


53 


8 


80927 


88340 


92587 


07413 


11660 


19073 


52 


9 


80942 


88330 


92612 


07388 


11670 


1^058 


51 


10 


9.80957 


9.88319 


9.92638 


10.07362 


10.11681 


10.19043 


50 


11 


80972 


88308 


92663 


07337 


11692 


19028 


49 


12 


80987 


88298 


92689 


07311 


11702 


19013 


48 


13 


81002 


88287 


92715 


07285 


11713 


18998 


47 


14 


81017 


88276 


• 92740 


07260 


11724 


18983 


46 


16 


81032 


88266 


92766 


07234 


11734 


18968 


45 


16 


81047 


88255 


92792 


07208 


11745 


18953 


44 


17 


81061 


88244 


92817 


07183 


11756 


18939 


43 


18 


81076 


88234 


92843 


07157 


11766 


18924 


42 


19 


81091 


88223 


92868 


07132 


11777 


18909 


41 


20 


9.81106 


9.88212 


9.92894 


10.07106 


10.11788 


10.18894 


40 


21 


81121 


88201 


92920 


07080 


11799 


18879 


39 


22 


81136 


88191 


92945 


07055 


11809 


18864 


38 


23 


81151 


88180 


92971 


07029 


11820 


18849 


37 


24 


81166 


88169 


92996 


07004 


11831 


18834 


36 


25 


81180 


88158 


93022 


06978 


11842 


18820 


35 


26 


81195 


88148 


93048 


06952 


11852 


18805 


34 


27 


81210 


88137 


93073 


06927 


11863 


18790 


33 


28 


81225 


88126 


93099 


06901 


11874 


18775 


32 


29 


81240 


88115 


93124 


06876 


11885 


18760 


31 


30 


9.81254 


9.88105 


9.93150 


10.06850 


10.11895 


10.18746 


SO 


31 


81269 


88094 


93175 


06825 


11906 


18731 


29 


32 


81284 


88083 


93201 


06799 


11917 


18716 


28 


33 


81299 


88072 


93227 


06773 


11928 


18701 


27 


34 


81314 


88061 


93252 


06748 


11939 


18686 


26 


35 


81328 


88051 


93278 


06722 


11949 


18672 


25 


36 


81343 


88040 


93303 


06697 


11960 


18657 


24 


37 


81358 


88029 


93329 


06671 


11971 


18642 


23 


38 


81372 


88018 


93354 


06646 


11982 


18628 


22 


39 


81387 


88007 


93380 


06620 


11993 


18613 


21 


40 


9.81402 


9.87996 


9.93406 


10.06594 


10.12004 


10.18598 


20 


41 


81417 


87985 


93431 


06569 


12015 


18583 


19 


42 


81431 


87975 


93457 


06543 


12025 


18569 


18 


43 


81446 


87964 


93482 


06518 


12036 


18554 


17 


44 


81461 


87953 


93508 


06492 


12047 


18539 


16 


45 


81475 


87942 


93533 


06467 


12058 


18525 


15 
14 
13 


46 


81490 


87931 


93559 


06441 


12069 


18510 


47 


81505 


87920 


93584 


06416 


12080 


18495 


48 


81519 


87909 


93610 


06390 


12091 


18481 


12 


49 
50 


81534 


87898 


93636 


06364 


12102 


18466 


11 
10 


9.81549 


9.87887 


9.93661 


10.06339 


10.12113 


10.18451 


51 


81563 


87877 


93687 


06313 


12123 


18457 


9 


52 


81578 


87866 


93712 


06288 


12134 


18422 


8 


53 


81592 


87855 


93738 


06262 


12145 


18408 


7 


54 


81607 


87844 


93763 


06237 


12156 


18393 


6 


55 


81622 


87833 


93789 


06211 


12167 


18378 


5 


56 


81636 


87822 


93814 


06186 


12178 


18364 


4 


57 


81651 


87811 


93840 


06160 


12189 


18349 


3 


58 


81665 


87800 


93865 


06135 


12200 


18335 


2 


59 


81680 


87789 


93891 


06109 


12211 


18320 


1 


60 


81694 


87778 


93916 


06084 


12222 


18306 


M. j 




Co-sine. 


Sine. 


Co>tang. 


Tangent 


Co-iecant 


Secant. 



49 Degrees. 



Artificial Sines, Tang, and Sec. 41 Degrees. 1^ 



M. 


Sine. 


Co-tine. 


Tangent. 


Co-tang^. 


Secant. 


Co-secant 







9.81694 


9.87778 


9.93916 


10.06084 


10.12222 


10.18306 


60 


1 


81709 


87767 


93942 


06058 


12233 


18291 


59 


2 


81723 


87756 


93967 


06033 


12244 


18277 


58 


3 


81738 


87745 


93993 


06007 


12255 


18262 


57 


4 


81752 


87734 


94018 


05982 


12266 


18248 


56 


5 


81767 


87723 


94044 


05956 


12277 


18233 


55 


6 


81781 


87712 


94069 


05931 


12288 


18219 


54 


7 


81796 


87701 


94095 


05905 


12299 


18204 


53 


8 


81810 


87690 


94120 


05880 


12310 


18190 


52 


9 


81825 


87679 


94146 


05854 


12321 


18175 


51 


10 


9.81839 


9.87668 


9.94171 


10.05829 


10.12332 


10.18161 


50 


11 


81854 


87657 


94197 


05803 


12343 


18146 


49 


12 


81868 


87646 


94222 


05778 


12354 


18132 


48 


13 


81882 


87635 


94248 


06752 


12365 


18118 


41 


14 


81897 


87624 


94273 


06727 


12376 


18103 


46 


15 


81911 


87613 


94299 


05701 
05676 


12387 


18089 


4£ 


16 


81926 


87601 


94324 


12399 


18074 


44 


17 


81940 


87590 


94350 


05650 


12410 


18060 


45 


18 


81955 


87579 


94375 


05625 


12421 


18045 


42 


19 


81969 


87568 


94401 


05599 


12432 


18031 


41 


20 


9.81983 


9.87657 


9.94426 


10.05574 


10.12443 


10.18017 


4( 


21 


81998 


87546 


94452 


05548 


12454 


18002 


3J 


22 


82012 


87535 


94477 


05523 


12465 


17988 


3( 


23 


82026 


87524 


94503 


05497 


12476 


17974 


31 


24 


82041 


87513 


94528 


05472 


12487 


17959 


3e 


25 


82055 


87501 


94554 


05446 


12499 


17945 


3f 


26 


82069 


87490 


94579 


05421 


12510 


17931 


3^ 


27 


82084 


87479 


94604 


05396 


12521 


17916 


3J 


28 


82098 


87468 


94630 


05370 


12532 


17902 


3S 


29 


82112 


87457 


94655 


05345 


12543 


17888 


31 


30 


9.82126 


9.87446 


9.94681 


10.05319 


10.12554 


10.17874 


3( 


31 


82141 


87434 


94706 


05294 


12566 


17859 


2< 


32 


82155 


87423 


94732 


05268 


12577 


17845 


21 


:« 


82169 


87412 


94757 


05243 


12588 


17831 


2* 


34 


82184 


87401 


94783 


05217 


12599 


17816 


2( 


,*15 


82198 


87390 


94808 


05192 


12610 


17802 


a 


36 


82212 


87378 


94834 


05166 


12622 


17788 


2 


37 


82226 


87367 


94859 


05141 


12633 


17774 


21 


38 


82240 


87356 


94884 


05116 


12644 


17760 


2! 


39 


82255 


87345 


94910 


05090 


12655 


17745 


2 


40 


9.82269 


9.87334 


9.94935 


10.05065 


10.12666 


10.17731 


2i 


41 


82283 


87322 


94961 


05039 


12678 


17717 


ii 


42 


82297 


87311 


94986 


05014 


12689 


17703 


J 1 


43 


82311 


87300 


95012 


04988 


12700 


17689 


^ 1 


44 


82326 


87288 


95037 


04963 


12712 


17674 


li 


45 


82340 


87277 


95062 


04938 


12723 


17660 


Ji 


46 


82354 


87266 


95088 


04912 


12734 


17646 


1 1 


47 


82368 


87255 


95113 


04887 


12745 


17632 




48 


82382 


87243 


95139 


04861 


12757 


17618 


T 


49 


82396 


87232 


95164 


04836 


12768 


17604 




50 


9.82410 


9.87221 


9.95190 


10.04810 


10.12779 


10.17590 




51 


82424 


87S09 


95215 


04785 


12791 


17576 




52 


82439 


87198 


95240 


04760 


12802 


17561 




53 


82453' 


87187 


95266 


04734 


12813 


17547 




54 


82467 


87175 


95291 


04709 


12825 


17533 




55 


82481 


87164 


95317 


04683 


12836 


17519 




56 


82495 


87153 


95342 


04658 


12847 


17505 


' 


57 


82509 


87141 


95368 


04632 


12859 


17491 




58 


82523 


87130 


95393 


04607 


12870 


17477 




59 


82537 


87119 


95418 


04582 


12881 


17463 




60 


82551 


87107 


95444 


04556 


12893 


17449 


1 





Co-Bine. 


Sine. 


Co-tanfT. 


Tangrent. 


Co-9ecant 


Secant. 


^ 



48 Degrees. 



/ 



150 Artifickil Sines, Tang, and Sec. 42 Degrees. 



M. 



Sine. 
9.82551 


Co-sine. 


Tangent. 


Co-tan^. 


Secant. 


Co-secant 




9.87107 


OdAAA 
9 . vifrn'mt 


10.04556 


10.12893 


10.17449 


GO 


1 


82565 


87096 


95469 


04531 


12904 


17436 


59 


2 


82579 


87085 


95495 


04505 


12915 


17421 


58 


3 


82593 


87073 


95520 


04480 


12927 


17407 


HI 


4 


82607 


87062 


95545 


04455 


12938 


17393 


56 


5 


82621 


87050 


95571 


04429 


12950 


17379 


55 


6 


82635 


87039 


95596 


04404 


12961 


17365 


54 


7 


82649 


87028 


95622 


04378 


12972 


17351 


53 


8 


82663 


87016 


95647 


04353 


12984 


17337 


52 


9 


82677 


87005 


95672 


04328 


12995 


17323 


51 


10 


9.82691 


9.86993 


9.95698 


10.04302 


10.13007 


10.17309 


50 


11 


82705 


86982 


95723 


04277 


13018 


17295 


49 
48 


12 


82719 


86970 


95748 


04252 


13030 


17281 


13 


82733 


86959 


95774 


04226 


13041 


17267 


47 


14 


82747 


86947 


95799 


04201 


13053 


17253 


46 


15 


82761 


86936 


95825 


04175 


13064 


17239 


45 


16 


82775 


86924 


95850 


. 04150 


13076 


17225 


44 


17 


82788 


86913 


95875 


04125 


13087 


17212 


43 


18 


82802 


86902 


95901 


04099 


13098 


17198 


42 


19 

ao 


82816 


86890 


95926 


04074 


13110 


17184 


41 


9.82830 


9.86879 


9.95952 


10.04048 


10. 13121 


10.17170 


40 


21 


82844 


86867 


95977 


04023 


13133 


17156 


39 


22 


82858 


86855 


96002 


03998 


13145 


17142 


38 


23 


82872 


86844 


96028 


03972 


13156 


17128 


37 


24 


82885 


86832 


96053 


03947 


13168 


17115 


36 


25 


82899 


86821 


96078 


03922 


13179 


17101 


35 


26 


82913 


86809 


96J04 


03896 


13191 


17087 


34 


27 


82927 


86798 


96129 


03871 


13202 


17073 


33 


28 


82941 


86786 


96155 


03845 


13214 


17059 


32 


29 


82955 


86775 


96180 


03820 


13225 


17045 


31 


30 


9.82968 


9.86763 


9.96205 


10.03795 


10.13237 


10.17032 


»» 


31 


82982 


86752 


96231 


08769 


13248 


17018 


39 


32 


82996 


86740 


96256 


03744 


13260 


17004 


28 


33 


83010 


86728 


96281 


03719 


13272 


16990 


27 


34 


83023 


86717 


96307 


03693 


13283 


16977 


26 


,35 


83037 


86705 


96332 


03668 


13295 


16963 


25 


36 


83051 


86694 


96357 


03643 


13306 


16949 


24 


37 


83065 


86682 


96383 


03617 


13318 


16935 


23 


38 


83078 


86670 


96408 


03592 


13330 


16922 


22 


39 

40 


83092 


86659 


96433 


03567 


13341 


16908 


21 
20 


^.83106 


9.86647 


9.96459 


10.03541 


10.13353 


10.16894 


41 


83120 


86635 


96484 


03516 


13365 


16880 


19 


42 


83133 


86624 


96510 


08490 


13376 


16867 


18 


43 


83147 


86612 


96535 


03465 


13388 


16853 


17 


44 


83161 


86600 


96560 


03440 


13400 


16839 


16 


45 


83174 


86589 


96586 


03414 


13411 


16826 


15 


46 


83188 


86577 


96611 


03389 


13423 


16812 


14 


47 


83202 


86565 


96636 


03364 


13435 


16798 


13 


48 


83215 


86554 


96662 


03338 


13446 


16785 


12 


49 


83229 


86542 


96687 


03313 


13458 


16771 


11 


50 


J. 83242 


9.86530 


9.96712 


10.03288 


10.13470 


10.16758 


10 


61 


83256 


86518 


96738 


03262 


13482 


16744 


9 


52 


83270 


86507 


96763 


03237 


13493 


16730 


8 


53 


83283 


86495 


96788 


03212 


13505 


16717 


7 


64 


83297 


86483 


96814 


03186 


13517 


16703 


6 


56 


83310 


86472 


96839 


03161 


13528 


16690 


5 


56 


83324 


86460 


96864 


03136 


13540 


16676 


4 


57 


83338 


86448 


96890 


03110 


13552 


16662 


3 


58 


83351 


86436 


96915 


03085 


13564 


16649 


2 


59 


83365 


86425 


96940 


03060 


13575 


16635 


1 


60 


83378 


86413 


96966 


03034 


13587 


16622 





Co-sine. 


ftine. 


Cn-tang. 


Tangent. 


Co-eecant 


Secant. 


M. 



47 Degrees. 





Artificial Sines, Tang. 


and Sec. 43 Degrees. 


15: 


M. 


Sine* 


Co^sine. 


I'aiig^ent 


Co-tang;. 


Secaot. 


Co-eecant | 





9.83378 


9.86413 


9.96966 


10.03034 


10.13587 


10.16622 , 60 


1 


83392 


86401 


96991 


03009 


13599 


16608 


59 


2 


83405 


86389 


97016 


02984 


13611 


16595 


58 


3 


83419 


86377 


97042 


02958 


13623 


16581 


57 


4 


83432 


86366 


97067 


02933 


13634 


16568 


66 


6 


83446 


86354 


97092 


02908 


13646 


16554 


65 


6 


83459 


86342 


97118 


02882 


13658 


16541 


54 


7 


83473 


86330 


97143 


02857 


13670 


16527 


53 


8 


83486 


86318 


97168 


02832 


13682 


16514 


52 


9 


83500 


86306 


97193 


02807 


13694 


16500 


51 


10 


9.83513 


9.86295 


9.97219 


10.02781 


10.13705 


10.16487 


60 


11 


83527 


86283 


97244 


02756 


13717 


16473 


49 


U 


83540 


86271 


97269 


02731 


13729 


16460 


48 


13 


83554 


86259 


97295 


02705 


13741 


16446 


47 


14 


83567 


86247 


97320 


02680 


13753 


16433 


46 


16 


83581 


86235 


97345 


02655 


13765 


16419 


45 


16 


83594 


86223 


97371 


02629 


13777 


16406 


44 


17 


83608 


,86211 


97396 


02604 


13789 


16392 


43 


18 


83621 


86200 


97421 


02579 


13800 


16379 


42 


19 


83634 


86188 


97447 


02553 


1^12 


16366 


41 


20 


9.83648 


9.86176 


9.97472 


10.02528 


10.13824 


10.16352 


40 


21 


83661 


86164 


97497 


02503 


13836 


16339 


39 


22 


83674 


86152 


97523 


02477 


13848 


16326 


38 


23 


83688 


86140 


97548 


02452 


13860 


16312 


37 


24 


83701 


86128 


97673 


02427 


13872 


16299 


36 


25 


83715 


86116 


97598 


02402 


13884 


16285 


35 


26 


83728 


86104 


97624 


02376 


13896 


16272 


34 


27 


83741 


86092 


97649 


02351 


13908 


16259 


33 


28 


83755 


86080 


97674 


02326 


13920 


16245 


32 


29 


83768 


86068 


97700 


02300 


13932 


16232 


31 


30 


9.83781 


9.86056 


9.97725 


10.02275 


10.13944 


10.16219 


30 


31 


83795 


86044 


97750 


02250 


13956 


16205 


29 


32 


83808 


86032 


97776 


02224 


13968 


16192 


28 


33 


83821 


86020 


97801 


02199 


13980 


16179 


27 


34 


83834 


86008 


97826 


02174 


13992 


• 16166 


26 


a<» 


83848 


85996 


97851 


02149 


14004 


16152 


25 


36 


83861 


85984 


97877 


02123 


14016 


16139 


24 


37 


83874 


85972 


97902 


02098 


14028 


16126 


23 


38 


83887 


85960 


97927 


02073 


14040 


16113 


22 


m 


83901 


85948 


97953 


02047 


14052 


16099 


21 


40 


9.83914 


9.85936 


9.97978 


10.02022 


10.14064 


10.16086 


20 


41 


83927 


85924 


98003 


01997 


14076 


16073 


19 


42 


83940 


85912 


98029 


01971 


14088 


16060 


18 


43 


83954 


85900 


98054 


01946 


14100 


16046 


17 


44 


83967 


85888 


98079 


01921 


14112 


16033 


16 


45 


83980 


85876 


96104 


01896 


14124 


16020 


15 


46 


83993 


85864 


98130 


01870 


14136 


16007 


14 


47 


84006 


85851 


98155 


01845 


14149 


15994 


13 


48 


84020 


85839 


98180 


01820 


14161 


15980 


12 


49 


84033 


85827 


98206 


01794 


14173 


15967 


11 


50 


9.84046 


9.85815 


9.98231 


10.01769 


10.14185 


10.16954 


10 


51 


84059 


85803 


98256 


01744 


14197 


15941 


9 


52 


84072 


85791 


98281 


01719 


14209 


15928 


8 


53 


84085 


85779 


98307 


01693 


14221 


15915 


7 


54 


84098 


85766 


98332 


01668 


14234 


15902 


6 


55 


84112 


85754 


96357 


01643 


14246 


15888 


5 


56 


84125 


85742 


98383 


01617 


14258 


15875 


4 


57 


84138 


85730 


98408 


01592 


14270 


15862 


3 


58 


84151 


85718 


98433 


01567 


14282 


15849 


2 


59 


84164 


86706 


98458 


01542 


14294 


15836 


1 


60 


84177 


85693 


98484 


01516 


14307 


15823 







Co-dne. 


Sine. 


Co* tang. 


Tangent. 


Co-Mcant 


Secant. 


M. 



46 Degrees. 



52 


Artificial Sinee, Tang. 


and Se( 


c. 44 Di^eeL 




M. 


Sine. 


Co-tine. 


Tangent. 


Co-tang. 


Secant. 


Cosecant 







9.84177 


9.85693 


9.98484 


10.01516 


10.14307 


10,15823 


60 


1 


84190 


85681 


98509 


01491 


14319 


15810 


69 


2 


84203 


85669 


98534 


01466 


14331 


15797 


58 


3 


84216 


85657 


98560 


01440 


14343 


15784 


67 


4 


84229 


85645 


98585 


01415 


14355 


15771 


66 


5 


84242 


85632 


98610 


01390 


14368 


15758 


66 


6 


84255 


85620 


98635 


01365 


14380 


15745 


64 


7 


84269 


85608 


98661 


01339 


14392 


15731 


63 


8 


84282 


85596 


98686 


01314 


14404 


15718 1 


62 


9 


84295 


85583 


98711 


01289 


14417 


15705 


61 
60 


10 


9.84308 


9.85571 


9.98737 


10.01263 


10.14429 


10.15692 


11 


84321 


85559 


98762 


01238 


14441 


15679 


49 


12 


84334 


85547 


98787 


01213 


14453 


15666 


48 


13 


84347 


85534 


98812 


01188 


14466 


15663 


47 


14 


84360 


85522 


98JB38 


01162 


14478 


15640 


46 


15 


. 84373 


85510 


98863 


01137 


14490 


156S7 


45 


16 


84385 


85497 


98888 


• 01112 


14503 


15615 


44 


17 


84398 


85485 


98913 


01087 


14515 


15602 


43 


18 


84411 


85473 


98939 


01061 


14527 


15589 


42 


19 


84424 


85460 


98964 


01036 


14540 


15576 


41 


20 


9.84437 


9.85448 


9.98989 


10.01011 


10.14552 


10.15563 


40 


21 


84450 


85436 


99015 


00985 


14564 


15550 


39 


22 


84463 


85423 


99040 


00960 


14577 


15537 


38 


23 


84476 


85411 


99065 


00935 


14589 


15524 


37 


24 


84489 


85399 


99090 


00910 


14601 


15511 


36 


25 


84502 


85386 


99116 


00884 


14614 


15498 


35 


26 


84515 


85374 


99141 


00859 


14626 


15485 


34 


27 


84528 


85361 


99166 


00834 


14639 


15472 


33 


28 


84540 


85349 


99191 


00809 


14651 


15460 


32 


29 


84553 


85337 


99217 


00783 


14663 


15447 


31 
30 


30 


9.84566 


9.85324 


9.99242 


10.00758 


10.14676 


10.15434 


31 


84579 


85312 


99267 


00733 


14688 


15421 


29 


32 


84592 


85299 


99293 


00707 


14701 


15408 


28 


33 


84605 


85287 


99318 


00682 


14713 


15396 


27 


34 


84618 


85274 


99343 


00657 


14726 


15382 


26 


35 


84630 


85262 


99368 


00632 


14738 


15370 


25 


36 


84643 


85250 


99394 


00606 


14750 


15367 


24 


37 


84656 


85237 


99419 


00581 


1 14763 


15344 


23 


tw 


84669 


85225 


99444 


00556 


14775 


15331 


22 


39 


84682 


85212 


99469 


00531 


14788 


15318 


21 
20 


40 


9.84694 


9.85200 


9.99495 


10.00505 


10.14800 


10.15306 


41 


84707 


85187 


99520 


00480 


14813 


15293 


19. 


42 


84720 


85175 


99545 


00455 


14825 


15280 


18 


43 


84733 


85162 


99570 


00430 


14838 


15267 


17 


44 


84745 


85150 


99596 


00404 


14850 


15255 


16 


45 


84758 


85137 


99621 


00379 


14863 


15242 


16 


46 


84771 


85125 


99646 


00364 


14875 


15229 


14 


47 


84784 


85112 


99672 


00328 


14888 


15216 


13 


48 


84796 


85100 


99697 


00303 


14900 


15204 


12 


49 


84809 


85087 


99722 


00278 


14913 


15191 


11 
10 


50 


9.84822 


9.85074 


9.99747 


10.00253 


10.14926 


10.15178 


51 


84835 


85062 


99773 


00227 


14938 


15165 


9 


52 


84847 


85049 


99798 


00202 


14961 


15153 


8. 


53 


84860 


85037 


99823 


00177 


14963 


15140 


7 


54 


84873 


85024 


99848 


00152 


14976 


15127 


6 


55 


84885 


85012 


99874 


00126 


14988 


15115 


6 


56 


84898 


84999 


99899 


0010 1 


15001 


15102 
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